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Abstract
Quantifying Timely Access to Surgery: A Global Modelling Study
The Lancet Commission on Global Surgery proposed six core indicators to track access
to safe, timely, and affordable surgery. We identified published data for countries
reporting Indicator 1 (Access to timely essential surgery), defined as a country’s
proportion of population living within two hours from the nearest surgery-capable
facility, and conducted geospatial analyses to estimate this metric in other countries. In
the primary analysis using this data, linear regression models were run to project this
indicator for all countries globally according to their Human Development Index;
followed by secondary analyses using broader definitions for surgical access, then by
sensitivity analyses restricting these definitions. Our primary analysis showed that only a
quarter of countries around the world have at least 80% of population with timely access
to surgery in 2021. Continued efforts in reporting Indicator 1 and standardizing the
definition and methods used to quantify it will be essential in ensuring the comparability
and utility of the data across all countries.

Keywords
Global surgery, health equity, situational analysis, geographic information systems,
service area analysis, Lancet Commission on Global Surgery.
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Summary for Lay Audience
Surgery has been called the ‘neglected stepchild of global health,’ and anaesthesia the
‘invisible friend’ of the neglected stepchild. While provision of basic surgical and
anaesthesia care could avert about 1.5 million deaths per year, it is often misconstrued as
‘too costly’ and ‘too complex’ to prioritize in the planning of international health
systems. The Lancet Commission on Global Surgery proposed six core indicators to
quantify the level of access to safe, timely, and affordable surgery, and encouraged
routine country-level reporting. We found that Indicator 1 (Access to timely essential
surgery), is one of the most reported of the six proposed indicators, but comprehensive
reviews of this metric are few, and global projections have not been performed recently.
Geographic proximity is one of the main barriers to accessing surgical services and the
associated travel time is consistently found to significantly impact health outcomes
before and after surgery. Indicator 1 aims to target these challenges and effectively
inform the level of preparedness of a national health system.
We identified publications reporting Indicator 1, as defined by a country’s proportion of
population living within two hours from the nearest facility capable of providing essential
surgery, and directly estimated this indicator in other countries using geospatial analysis.
The collected data was then used to project Indicator 1 for all countries around the world
based on their level of development, measured by the Human Development Index. We
found that in 2021, only a quarter of countries around the world have at least 80% of
population that can reach a surgical facility when needed. Importantly, our analysis
revealed that these estimates varied depending on the methods used to define and collect
the data elements. Standardizing the methods used to define and quantify the indicators is
required to accurately capture the state of surgical access in all countries. Equitable
access to surgery is only achieved through standardized, transparent reporting of openly
available, comparable, and utilizable data on the core indicators.
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Chapter 1

1

Introduction to Global Surgery
1.1

Surgery and Global Health

Surgery refers to a breadth of operative and non-operative interventions that involves the
“suturing, incision, excision, or manipulation of tissue; or other invasive procedure that
usually requires local, regional, or general anaesthesia” (1). Surgery offers treatment for an
extensive list of conditions including obstructed labor, injuries, congenital anomalies, and
other non-communicable diseases (1). Despite its immense value in the healthcare, surgery
was often overlooked during the evaluation and monitoring national health systems and
international initiatives dedicated to address health inequity. This largely derives from the
misconception that surgery is too costly and complex to prioritize in public health agendas
(2). It is also often misconstrued as non-essential even though 30% of the global disease
burden is attributable to conditions preventable by surgical, obstetric, and anaesthesia (SOA)
care (3,4). Four-hundred million disability-adjusted life years (DALYs) are lost annually due
to the surgical burden of disease in low- and middle-income countries (LMICs), which
surpasses the combined DALYs for more well-known burden of diseases including malaria,
tuberculosis, and the human immunodeficiency virus (HIV) (4,5). It is estimated that 3.5%
reduction in total number of DALYs can be achieved by scaling up basic surgical services
(1). Although the provision of SOA services would also avert about 1.5 million deaths per
year, over 70% of the world’s population lack access to safe, timely, and affordable surgical
care (1,5).
Integrating SOA care in the planning of national health systems is garnering much deserved
attention in recent years due to a series of outward recognitions made by several international
organizations. The emergence of global surgery has led various entities, including research
and political bodies, to explore the current state of the provision of SOA services and degree
of access to them. Assessing and improving surgical access hinge on multiple factors
including human resources, infrastructure, cost and funding, quality of care, and ultimately
the prioritization of surgery for health system planning (5).
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1.2

Global Surgery Initiatives

Surgery has been called the ‘neglected stepchild of global health’ and anaesthesia the
‘invisible friend’ of the neglected stepchild (2,6). The year 2015 was a monumental year for
global surgery when it first earned formal recognition as a global priority at the highest levels
in the global health community. The publication of the first volume of the series Disease
Control Priorities, 3rd Edition (DCP3) marked a pivotal moment for global surgery as it
highlighted individual surgical procedures essential for expanding surgical care in feasible
and cost-effective ways in LMICs (1). Shortly after the release of DCP3, the Lancet
Commission on Global Surgery (LCoGS) was published to quantify the state of SOA care
available in LMICs and it provided a framework of indicators and targets for countries to
adopt in order to achieve universal access to safe, timely, and affordable surgical care by the
year 2030 (5).
The momentum was furthered in the same year with the passing of resolution 68.15 on
“Strengthening Emergency and Essential Surgical Care and Anaesthesia as a Component of
Universal Health Coverage” during the 68th World Health Assembly (WHA) by the World
Health Organization (WHO) (7). The resolution urged countries around the globe to
implement the recommendations outlined in the DCP3 and LCoGS to assess and strengthen
their respective surgical systems and ensure accessibility of surgery for their people, and
ultimately to develop National, Surgical, Obstetric and Anaesthesia Plans (NSOAPs)
accordingly. In addition to this historic passage, the United Nations (UN) increased the scope
of SOA care in their renewed Sustainable Development Goals (SDGs) to encompass 8 of the
13 SDGs, as opposed to the 3 of 8 Millennium Development Goals (MDGs) that preceded
the SDGs (8).
Following 2015, global surgery captivated interests from various governments, stakeholders,
clinicians, and researchers around the world. Nations were becoming increasingly aware of
the gap in access to essential surgical services for those in need and were determined to
accomplish the time-bound targets set by the LCoGS. Conducting situational analyses
assessing the current state of surgical systems and then planning the implementation of
NSOAPs accordingly served as key milestones for achieving universal access to SOA care.
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Six years have passed since the release of the seminal publications and the political mandates
made by the WHO and UN. With ever-increasing volume of research on global surgery, we
can start to identify the common obstacles and issues encountered as knowledge is translated
into action. It is imperative to effectively collect and analyze data and learn from any
missteps to ensure the utility of the existing data. This process requires multiple components
to work in tandem, from well-constructed situational analyses to transparency in reporting of
the data. As more countries seek to address the gap in safe, timely, and affordable SOA care
and plan for appropriate NSOAPs, more research is needed to better communicate what lies
ahead for future work of evaluating and monitoring the progress toward strengthening
surgical systems.

1.3

Six Core Indicators

The LCoGS reflected on the state of surgical care with a focus on access, human resources,
infrastructure, financial impact, and quality of surgical care (5). The Commission proposed
of six core indicators to measure the progress toward universal safe, timely, and affordable
access to surgery. The indicators were created to address the dimensions of preparedness
(access to timely surgery and specialist surgical workforce density), delivery (surgical
volume and perioperative mortality rate (POMR)), and effect (protection against catastrophic
expenditure and protection against impoverishing expenditure) of SOA care (Table 1).
Table 1: Core indicators developed by the Lancet Commission on Global Surgery.
Indicator

1. Access to timely
essential surgery

2. Specialist
surgical workforce
density
3. Surgical volume
4. Perioperative
mortality rate
(POMR)

Definition
Proportion of the population can
access, within two hours, a facility
that can perform caesarean
delivery, laparotomy, and
treatment of open fracture (the
Bellwether procedures)
Number of specialist SOA
physicians who are working per
100 000 population
Procedures done in an operating
theatre per 100 000 population
per year
All-cause death rate prior to
discharge among patients who
have undergone a procedure in
an operating theatre, divided by

Target by 2030
80% coverage of essential surgical
and anaesthesia services per
country
100% of countries with at least 20
SOA physicians per 100 000
population
100% of countries tracking
surgical volume; 5000 procedures
per 100 000 population
100% of countries tracking
perioperative mortality
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the total number of procedures,
presented as a percentage
Proportion of households
protected against
5. Protection
100% protection against
impoverishment (being pushed
against
impoverishment from out-ofinto poverty or being pushed
impoverishing
pocket payments for surgical and
further into poverty) from direct
expenditure
anaesthesia care
out-of-pocket payments for
surgical and anaesthesia care
Proportion of households
protected against catastrophic
6. Protection
expenditure from direct out-of100% protection against
against
pocket payments for surgical and catastrophic expenditure from
catastrophic
anaesthesia care (direct out-ofout-of-pocket payments for
expenditure
pocket payments of greater than surgical and anaesthesia care
40% of household income net of
subsistence needs)
Note. SOA = Surgical, Obstetric, and Anaesthesia. Adapted from (5).

Countries were encouraged to report nationally representative data for all six indicators to
track their own status in the provision of SOA services and transform their national surgical
plans to ensure safe, timely, and affordable surgical access to those in need. Some of the
global surgery indicators have been integrated into the WHO’s 100 Core Health Indicators
and the World Bank (WB) World Development Indicators (WDIs) with expectation that
countries will prepare to collect nationally representative data accordingly (9,10). With the
collection of data on these indicators, countries can assess their state of surgical access
relative to the LCoGS goals for 2030 and continuously build upon their work to evaluate and
monitor the healthcare system strengths and weaknesses as it relates to safe, accessible,
timely, and affordable surgery as a component of universal health coverage.

1.3.1

Preparedness

Evaluating the preparedness of a surgical system relies on the measurements of access (e.g.,
geographic locations of healthcare facilities, infrastructure), supply (e.g., availability and
readiness of healthcare facilities and equipment), and workforce (e.g., availability of surgical
providers) (5). This dimension is informed by the first two indicators: access to timely
essential surgery and specialist surgical workforce density.
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1.3.1.1

Access to timely essential surgery

Access to timely essential surgery, or Indicator 1, is defined as the proportion of the total
population of a country that can access, within two hours, a facility that can perform the three
Bellwether procedures of surgery (caesarean delivery, laparotomy, and treatment of open
fracture). A facility’s capacity to perform all three Bellwether procedures is a well-accepted
indicator of the facility to possess the resources and skills required to provide other essential
surgical procedures (5,11). Two-hour access serves as the threshold for timeliness as it is
roughly the time closely associated with death from untreated childbirth complications (5).
The Commission assigned Ministries of Health to become the responsible entity for tracking
this indicator since the data would predominantly rely on facility records and population
demographics. The indicator informs the planning location of services relative to the spatial
distribution of population, transportation systems, and facility capacity. Countries were
suggested to reach at least 80% of population with access to timely surgical and anaesthesia
care by year 2030. This target coincides with the WHO and WB target of 80% coverage to
essential health services by the same year as a component of Universal Health Care defined
in the UN SDGs (5).

1.3.1.2

Specialist surgical workforce density

Indicator 2 refers to the number of specialist SOA physicians available per 100 000
population. It tracks the availability and accessibility of human resources for surgical care
delivery. Similar to Indicator 1, the Ministries of Health typically are designated to assemble
facility records and human resource data to estimate the specialist surgical workforce density.
This metric helps to direct training and retention strategies on a national level. The
Commission has indicated a target for all countries to have at least 20 SOA providers per 100
000 population by 2030.

1.3.2

Service Delivery

Volume and outcome of surgery can be used as proxies to inform the effectiveness of
coverage, whether those who sought care received it and the quality of care that was
provided. Indicators 3 and 4, surgical volume and POMR, contextualizes a country’s state in
the delivery of universal access to safe, affordable surgery for those in need.
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1.3.2.1

Surgical volume

Surgical volume is defined by the total procedures performed in an operating theatre per 100
000 population per year. Both Ministries of Health and the facilities themselves are most
likely to serve as the responsible entities to report on surgical volume using facility records.
This indicator can be used to inform the met and unmet need for SOA care relative to the
population, and is essential for national service planning. The corresponding 2030 goal is to
have 100% of countries tracking surgical volume, and providing at least 5000 surgical
procedures per 100 000 population in each country.

1.3.2.2

Perioperative mortality rate (POMR)

POMR refers to all-cause hospital death following a procedure performed in an operating
theatre divided by the total number of procedures. It is used as a broad indication of safety of
surgical services provision. While many countries do not yet routinely report this metric in a
format that is nationally-representative, when it is reported, it is typically the Ministry of
Health and facilities that report this data using facility records and death registries. All
countries were recommended to track POMR by 2030.

1.3.3

Effect

The final two LCoGS indicators measure the financial risk associated with receiving essential
surgical care. In many LMICs, national health insurance is unavailable and Universal Health
Care funded by public dollars has not yet been implemented. Consequently, in many
countries, patients are required to pay out of pocket for their surgery. This may place patients
and families at risk of impoverishment or catastrophic expenditure, particularly when living
close to the poverty line. For many patients, the cost of surgery prevents them from accessing
surgery at all, even when it may be life-saving, if they cannot afford it. Or, some patients and
families will sell their home or businesses, or go into debt, to access surgery.

1.3.3.1

Protection against impoverishing expenditure

Protection against impoverishing expenditure is defined by the proportion of households
protected against impoverishment from direct out-of-pocket payments for surgical and
anaesthesia services. Unfortunately, billions of people encounter financial ruin after receiving
life-saving surgeries (5). Various entities including the WB, WHO, and United States
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Agency for International Development (USAID) took the helm of obtaining household
surveys and facility records to keep track of this indicator (5). Policies centering payment
systems, insurance, and provision of public and private services will be fully informed by this
metric. Countries are encouraged to reach 100% protection against impoverishment from outof-pocket payments for SOA care by 2030. This goal aligns with the WB universal health
coverage target as well (5).

1.3.3.2

Protection against catastrophic expenditure

Protection against catastrophic expenditure refers to the proportion of households protected
against catastrophic expenditure from direct-out-of-pocket payments for surgical and
anaesthesia services. The responsible entities and the required source of data are the same as
Indicator 5. The key difference between Indicators 5 and 6 is that impoverishment occurs
when a household crosses the poverty line post-payment, while catastrophic expenditure is
defined as spending more than a certain proportion of a household’s income (5). Countries
are encouraged to reach 100% protection against catastrophic expenditure for SOA care by
2030.

1.4

Status of the Indicators

Since the publication of LCoGS in 2015, multiple researchers and political bodies have taken
the initiative to quantify one or more of the core indicators to situate their country’s standing
in the current global surgery landscape. The Commission group published two annual reports
in 2015 and 2016 to summarize all six indicators in WHO member states that agreed to
contribute their data (12,13). The WB stands out as one of the crucial figures in maintaining
nationally representative data in response to the LCoGS. The WB has adopted Indicators 2,
3, 5, and 6 under their WDI dataset, which also encompasses a breadth of other global
development metrics (10). There has yet to be any recent attempts to consolidate countrylevel data on all six indicators in a single, open access location. Various academic institutions
from diverse communities are responding to the call for action by conducting their own
situational analyses to measure the indicators as well as monitor the effects of any policy
changes that may have taken place.
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Although the indicators are now widely accepted as global standards of evaluating and
monitoring a country’s surgical system, the broad definitions have led to some heterogeneity
in the methods of extracting and defining variables (14). This may have contributed to some
delays in the collection and analysis of data, and restricted the comparability and utility of
these indicators (15). In 2019, a working group of clinical, academic, professional, and
government figures with global health expertise met to discuss and revise the core indicators
to prevent further confusion and optimize the utility of the indicators for future research and
development (14). The Utstein revision process comprised of refining the original definitions
of the core indicators, clearly outlining the data points needed to quantify each indicator, and
also condensing the two indicators on financial risk of care into a single indicator measuring
risk of catastrophic expenditure only (14). Further details on the Utstein consensus can be
found in Appendix 1.
Now that access to essential surgery has rightfully found its place in the global health agenda,
we must narrow our focus on how to properly measure the six core indicators using
standardized processes and ensuring comparability and utility of the data. Situational analysis
serves as the very foundation for any actions to follow because it enables us to identify the
unmet needs of current system and the people, and allows for evidence-based decision
making to meet those needs.

1.5

NSOAP

The development of NSOAPs is the culmination of the efforts in quantifying the unmet need
for surgery. The NSOAPs are not only the outcome of conducting the baseline assessments,
but also a strategy to keep surgical and anaesthesia care as a priority in the public health
agenda. They provide the framework to use the available resources both efficiently and
effectively, and visibly hold governments accountable for their actions and inactions alike.
While there is no one-size-fits-all approach in planning NSOAPs, there are eight key
components in the framework: ministry support and ownership, situation analysis and
baseline assessment, stakeholder engagement and priority-setting, drafting and validation,
monitoring and evaluation, costing and budgeting, governance, and implementation (16).
These components are moving parts that may be completed simultaneously and not
necessarily sequentially. It is encouraged for countries with completed NSOAP frameworks
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to share their plans with their people as well as the international community. This enables
political accountability and the promise with the public to prioritize their health and
encourage more countries to follow suit.

1.6

Future Directions

Surgery is essential in treating a variety of conditions and preventing unnecessary deaths and
disabilities. The significant traction for global surgery generated in 2015 secured the role of
surgical care in the planning of health systems and international health targets. With the
growing volume of research assessing and improving the provision of SOA services, we must
critically evaluate the types and quality of studies conducted and explore the utility of the
available data. Identifying the gaps in literature and continually striving to improve the
methods in collecting, aggregating, and reporting data will facilitate in the mapping of
priorities and initiatives toward achieving universal access to safe, timely, and affordable
SOA care.
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Chapter 2

2

Global Progress in Implementing the Core Global Surgery
Indicators and the NSOAP Framework: A Scoping Review
2.1

Background

Global surgery has gained unprecedented attention since the landmark year of 2015 when
two key publications revealed the overwhelming unmet need for surgical, obstetric, and
anaesthesia (SOA) care. In 2015, the first volume of Disease Control Priorities, 3rd Edition
(DCP3) outlined the cost-effective and feasible surgical procedures instrumental in
expanding the provision of SOA services in low- and middle-income countries (LMICs) (1);
then the Lancet Commission on Global Surgery (LCoGS) was released reviewing the overall
state of surgical systems in LMICs and presented a framework to improve access to safe,
timely, and affordable surgical and anaesthesia care (5). In the same year, the momentum
was furthered in the political realm as the World Health Assembly (WHA) passed the historic
WHA68.15 resolution of integrating the recommendations made in the DCP3 and LCoGS
(7), and the United Nations (UN) expanded the extent of SOA care in their Sustainable
Development Goals (SDGs) (8).
The scope of conditions amenable to surgery include maternal and newborn care, pediatric
health, trauma, and noncommunicable diseases (16). Scaling up basic surgical services is
estimated to prevent 3.2% of all deaths in LMICs, where 90% of the people do not have
access to safe, timely, and affordable surgery (4). The unmet need for the provision of SOA
care is attributable to weak workforce, poor infrastructure and equipment, and unclear roles
in leadership (5). The LCoGS developed six core indicators to critically appraise national
surgical systems and continuously monitor their performance. The indicators consider three
facets of a surgical system: preparedness (access to essential surgery (Indicator 1, Access)
and specialist surgical workforce density (Indicator 2, Workforce)), delivery (surgical
volume (Indicator 3, Volume) and perioperative mortality rate (Indicator 4, POMR)), and
effect (financial risk protection against catastrophic or impoverishing expenditure (Indicator
5 & 6, FRP)) of surgical and anaesthesia services (5). Reporting these indicators can also
contribute to more effective development and implementation of National Surgical, Obstetric

11

and Anaesthesia Plans (NSOAPs). All countries are encouraged to prioritize surgical care in
their respective public health plans through the implementation of NSOAPs.
A growing number of publications have reported their baseline assessment of the provision
of SOA care on regional and national levels using the six indicators. While the importance of
conducting these situational analyses is now well established, it is uncertain to what extent
this knowledge has translated into action. There is a need for a comprehensive review
quantifying studies published in response to the LCoGS call for global surgery indicators.
Gauging the overall scope of activity invoked by the global surgery movement will allow us
to highlight any gaps in research and continue the discussion on how to improve access to
safe, timely, and affordable surgery for those in need.
This scoping review aims to gather all research studies that have quantified the six global
surgery indicators and evaluated the planning and implementation of NSOAPs. We sought to
identify studies that were reviews of studies reporting the core indicators and/or the status of
NSOAPs, primary research studies reporting at least one of the six indicators but not all six,
or primary research studies reporting all six indicators. Through collecting these post-2015
articles, we hoped to capture the actual traction global surgery has earned so far and address
any deficits that may have accumulated over the years. It is our objective to further contribute
to the wealth of knowledge on how to advance the stance of global surgery in the public
health domain.

2.2

Methods

The protocol for this study was registered on the Open Sciences Framework registry
(https://osf.io/fahnv/) on February 16, 2021. This scoping review is reported according to the
PRISMA Extension for Scoping Reviews (Appendix 2) (17).

2.2.1

Inclusion Criteria

Publications reporting at least one of the six global surgery indicators and/or the progress of
implementing a NSOAP in the context of surgical and anaesthesia care were included.
Commentaries, opinions, and letters were excluded if they did not at least summarize the
status of indicator measurements and/or NSOAP developments. No other restriction on study
design was imposed. Those written in English as well as other languages were assessed and
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translated when required. Studies published after the year 2015 were included to capture only
the publications in response to the LCoGS.
Studies that reported country-level or regionally representative data (i.e., at least provincewide) were included, while studies that reported only city representative data were excluded.
Measurements taking place at a single facility were not included unless the authors explicitly
stated that the facility in question was the only one that offers surgery for that region. Studies
proposing strategies to improve the results of an indicator (e.g., task shifting, voucher
programs, etc.) were not included. Facility assessment reports that may have indirectly
obtained indicator data were included even if an indicator was not necessarily reported so we
could determine the availability of unused data. Studies that reported data for a metric with
similar definition to the proposed LCoGS definitions were included to reflect difficulties in
strictly following the LCoGS definitions, especially in limited resource settings.
At the full-text screening stage, a hierarchy of reasons for exclusion was set in the order of:
1. Duplicate records; 2. No mention of surgery or anesthesia; 3. Not reporting any of the six
indicators, NSOAP, or facility assessment; 4. Not nationally or regionally representative
data; 5. Published before 2015; 6. No full-text article found; and 7. Abstract with an available
follow-up full-text article that can be included in place of the abstract.

2.2.2

Search Strategy

We conducted an electronic search in databases PubMed, Medline, Embase, Cochrane
Reviews, and World Health Organization (WHO) Global Index Medicus using the following
keywords: “Lancet Commission,” “global surgery,” “National Surgical Obstetric and
Anesthesia Plan,” and specific terms related to each of the core surgical indicators. We also
included search terms related to assessment tools implemented by the WHO and United
States Agency for International Development (USAID) aimed to evaluate and monitor the
surgical capacity of facilities. The search was limited to articles published since 2015. The
exact search strategy used for the search is included in Appendix 3. The database search was
run on February 8, 2021. Grey literature searches were performed on any official websites
associated with the LCoGS.
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2.2.3

Source of Evidence Selection

Title and abstract screening (level 1) and full-text screening (level 2) were done by two
independent reviewers (JJ and AZ). This process was completed using the systematic review
management tool Covidence (Melbourne, Australia).

2.2.4

Data Extraction

A data extraction form, developed and calibrated a priori on Covidence, was used by two
independent reviewers (JJ and AZ) to record items from each included study. The reviewers
extracted the year of publication, level of assessment (country-wide, region-wide), country or
region of interest, aim of study (to conduct a review on the global surgery indicators and/or
NSOAP, to work towards the development of NSOAP, to quantify at least one indicator, to
quantify all six indicators, to conduct facility assessment), level of data collection (census,
sample), surgical procedures of interest, study design, data collection data, methods and
sources used, the reported type of indicator and/or NSOAP status, and the assumptions used
to define surgery and access.

2.2.5

Analysis and Presentation of Evidence

This review had three stages: 1. An overview of published reviews on the availability of data
on the global surgery indicators and/or NSOAP, 2. An overview of published studies
reporting data on at least one of the six indicators, but not all six, in relation to all three
Bellwether procedures of surgery (caesarean section, laparotomy, and treatment of open
fracture), 3. An overview of published studies reporting data on all six indicators.
This review aimed to provide a qualitative and quantitative overview presented in a thematic
way. For each stage of our study, analysis was conducted based on the computation of
frequency counts of the categories of interest such as: publication year, Indicator type and/or
NSOAP status, country (or population) of interest, and the country’s geographic, income, and
human development rankings.

2.2.5.1

Country groupings

Geographic groupings were defined by official WHO regions for year 2020, where WHO
member states are grouped into one of six WHO regions (Table 2) (18). Income groupings
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were based on the 2020 World Bank (WB) list of economies, which assigns WHO member
states into one of four groups based on the WB list of analytic income classification of
economies for the fiscal year (Table 3) (19). Countries were also grouped according to their
Human Development Index (HDI) classifications (Table 4). The HDI measures a country’s
basic quality of life based on three dimensions: life expectancy, level of education of the
people, and gross national income (GNI) (20). A country is assigned an HDI value as defined
by the UN, ranging from zero to one, that reflects its level of human development. Details on
how HDI values are calculated have been further described (21). The HDI is a useful and
meaningful metric that ranks a country’s achievements on a global scale, that extends beyond
its regional affiliation or economic growth. Countries can be categorized into one of four
HDI classifications according to their HDI value (Table 4).
Table 2: Official WHO regions.
WHO region
African Region
South-East Asia Region
Eastern Mediterranean Region
Region of the Americas
European Region
Western Pacific Region
Note. WHO = World Health Organization.

Table 3: WB income groups and their fixed cut-off points.
WB income group
Cut-off points in GNI per capita (2019)
High
≥$12 536
Upper-Middle
$4046 - $12 535
Lower-Middle
$1036 - $4045
Low
≤$1035
Note. WB = World Bank. GNI = Gross National Income.

Table 4: HDI classifications and their fixed cut-off points.
HDI classification
Very High
High
Medium
Low
Note. HDI = Human Development Index.

HDI
≥0.80
0.700-0.799
0.550-0.699
<0.550
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2.3
2.3.1

Results
Overall Results

The systematic search retrieved 637 records and 10 additional records were identified
through other sources (i.e., handsearching of bibliography of relevant articles, manual
searches in the official LCoGS website); after removing duplicate records, 554 records were
assessed for eligibility. Two-hundred fifty-eight records were included during the title and
abstract stage of screening, and 138 full-texts met the inclusion criteria for qualitative and
quantitative synthesis (Figure 1).
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Records identified through
database searching
(n = 637)

Additional records identified
through other sources
(n = 10)

Records after duplicates removed
(n = 554)

Records screened
(n = 554)

Records excluded
(n = 296)

Full-text articles assessed
for eligibility
(n = 258)

Full-text articles excluded,
with reasons
(n = 120)
• Duplicates (n=14)
• No mention of surgery
or anaesthesia (n=5)
• Not reporting the
indicators, NSOAP,
and/or facility
assessment (n=88)
• Not national or
regional level data
(n=12)
• No full-text found
(n=1)
• Abstract with full-text
available (n=7)

Studies included in
qualitative synthesis
(n = 138)
Note. NSOAP = National Surgical, Obstetric and Anaesthesia Plans.

Figure 1: Flow chart of records identified, included and excluded, and reasons for
exclusion following the electronic search.
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Of the 138 included papers, two publications were official reports made by the LCoGS for
years 2015 and 2016 (12,13), and five publications were official NSOAP reports published
by the Ministries of Health in Ethiopia, Nigeria, Rwanda, United Republic of Tanzania, and
Zambia (22–26). In the remaining 131 papers, 27 publications were reviews on the global
surgery indicators and/or the progress of NSOAP implementation around the world (5,27–52)
and five publications were reviews conducted in their respective nations to develop their own
NSOAP (53–57), 88 publications quantified at least one indicator but not all six (58–148), six
publications quantified all six indicators (15,149–153), and five publications were facility
assessment studies that had the opportunity to report at least one of the indicators but did not
(154–158) (Figure 2). Ninety-six studies directly mentioned the LCoGS as a prelude to their
study and eight studies only briefly mentioned the LCoGS as part of their discussion section.
The remaining studies did not directly mention the LCoGS, however, they provided relevant
data on access to surgery.

Study aims of the included publications
Facility assessment
(n=5)
Working towards
developing NSOAP
(n=5)

NSOAP report
(n=5)

LCoGS report
(n=2)

Conduct a review
on the global
surgery indicators
and/or NSOAP
(n=27)
Quantify all six
global surgery
indicators
(n=6)

Quantify at least
one global surgery
indicator
(n=88)

Note. NSOAP = National Surgical, Obstetric and Anaesthesia Plans. LCoGS = Lancet Commission on
Global Surgery.

Figure 2: Breakdown of aims of the included studies and reports (n=138).
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The years of publication for the included studies ranged from 2015 to 2021, with most
publications being from 2020 and the least from 2016 and 2021 (Figure 3). The low number
of publications found in 2021 can be explained by the fact that the database search was
conducted in early 2021. Most of the included studies were cross sectional studies, while
mixed methods research was the second most common study design (Table 5). Further
breakdown of study design is provided in Appendix 9. Twenty abstracts that were eligible for
inclusion did not have any following full-text articles.
Forty-nine studies were focused on the three Bellwether procedures and 17 studies focused
on at least one of the three procedures (but not all three). Twenty-seven studies focused more
generally on surgical care, of which five studies provided a breakdown of procedures that
included at least one of the three Bellwether procedures. Access to various other surgical
procedures were also reported (Table 6). More detailed breakdown of procedures included
can be found in Appendix 10.

Number of studies published since 2015
40

Number of studies
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Figure 3: Trend of publication years of the included studies and reports (n=138).
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Table 5: Study designs of included research studies.
Study design
Number of studies
Abstract
17
Cohort study
5
Commentary
4
Cross sectional study
45
Economic evaluation
2
Editorial
2
Literature review
6
Opinion
1
a
Mixed methods research
26
Correlational study
2
Modelling study
2
Review
12
Systematic review
6
a
Included 1 cohort/cross sectional study, 2 cohort/geospatial studies, 1
correlational/geospatial study, 20 cross sectional/geospatial studies, 1
modelling/correlational study, 1 quantitative/qualitative study.

Table 6: Procedures of interest in the included research studies.
Procedure of interest
Number of studies
All three Bellwether procedures
49
Two Bellwether procedures
2
Caesarean section
7
Laparotomy
3
Open fracture treatment
5
Surgical carea
27
Surgical and anaesthesia care
4
SOA care
1
b
Anaesthesia
4
Pediatric surgery
11
Neurosurgery
4
Otherc
14
Note. SOA = Surgical, Obstetric, and Anaesthesia.

a

Included 4 studies focused on surgical care that reported different types

of surgical procedures including all three Bellwether procedures, 1 study
on surgical care including one Bellwether procedure.

20

b

Included 2 studies focused on obstetric anaesthesia, 1 study on pediatric

anaesthesia.
c

Included 1 back surgery, 2 emergency surgery, 1 gastric cancer surgery, 1

head and neck cancer surgery, 1 radial cystectomy, 3 cancer surgery, 3
trauma surgery, 1 cardiovascular surgery, 1 burn surgery.

Of the 131 articles that were not official reports made by the LCoGS or Ministries of Health,
86 studies reported on single countries while the remaining 47 studies reported on multiple
countries. Among the multi-country studies, only 18 studies provided a full list of countries
studied. When considering the studies that provided names of studied countries, this review
has assembled research studies that span over 84 countries (Figure 4; Appendix 11). Over a
quarter of the reported countries were from the African region (n=32) (Figure 5) and majority
of the countries belonged to the lower middle-income group (n=29) (Figure 6). The greatest
number of countries had low HDI (n=25), and the least number of countries had very high
HDI (n=13) (Figure 7).

Note. NSOAP = National Surgical, Obstetric and Anaesthesia Plans.

Figure 4: Countries with studies reporting the core indicators and/or NSOAP.
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Included countries by WHO region
Western Pacific
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Europe
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Note. WHO = World Health Organization.

Figure 5: Included countries grouped by WHO region.
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Note. WB = World Bank. One country without an official income group assignment (Cook Islands).

Figure 6: Included countries grouped by WB income group.
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Included countries by HDI classification
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Note. HDI = Human Development Index. Five countries without an official HDI assignment (Cook
Islands, Monaco, Nauru, Somalia, Tuvalu).

Figure 7: Included countries grouped by HDI classification.

2.3.2

Reviews

A total of 32 review articles were found (5,27–57), of which five reviews were conducted for
the purpose of consolidating available data for the development of NSOAP in their respective
countries (53–57). Most of the reviews were published in 2017 and 2020 (Figure 8). The
main LCoGS article was one of the included reviews published in 2015 since it was an
overview of the state of SOA care in LMICs (5). Only six reviews were systematic reviews
(29,31,33,37,49,52), while rest of the articles did not have a systematic search strategy in
place (Table 7). Most of the reviews focused on all three Bellwether procedures (n=10) or a
broadly defined inclusion of surgical procedures (n=8). Other surgeries were also examined
in the reviews (Table 8). A total of 50 countries were studied by the reviews, not including
the studies that did not disclose a complete list of countries studied (Figure 9). Majority of
the countries were from the African region (Figure 10), lower-middle income group (Figure
11), and low HDI classification (Figure 12).
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Figure 8: Trend of publication years of the included reviews.

Table 7: Study designs of included reviews.
Study design
Abstract
Commentary
Editorial
Literature review
Modelling study
Systematic review

Number of studies
2
4
2
17
1
6

Table 8: Procedures of interest in the included reviews.
Procedure of interest
All three Bellwether procedures
Caesarean section
Surgical care
Surgical and anaesthesia care
Surgical, obstetric, and anaesthesia
care
Cancer surgery
Cardiovascular surgery
Pediatric surgery
Pediatric anaesthesia
Trauma surgery

Number of studies
10
1
8
4
1
1
1
3
1
2
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Figure 9: Countries included in the included reviews.
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Figure 10: Countries included in the reviews, grouped by WHO region.
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Figure 11: Countries included in the reviews, grouped by WB income group.
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Figure 12: Countries included in the reviews, grouped by HDI classification.
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The included reviews provided overviews of the progress of global surgery indicators
measured at the country-level (n=14), development of NSOAPs (n=6), both indicator and
NSOAPs measurements (n=7), surgical capacity assessments (n=3), and the integration of
other surgical domains in the global health agenda (i.e., disaster and pediatric surgeries; n=2).
Of the studies that reviewed the progress of indicator measurements, the majority focused on
only one indicator (Figure 13). Indicators 2 and 3 were the most reported, while Indicator 1
was the least reported indicator by a review (Figure 14).
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Figure 13: Number of indicators reported by the included reviews.
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Figure 14: Types of indicators reported by the included reviews.

2.3.3

At Least One Indicator

Eighty-eight studies quantified at least one of the six indicators, but not all six (58–148). Five
additional studies aimed to assess the surgical capacity of facilities that could potentially
serve as important source of data when quantifying at least one indicator (154–158).
These studies aimed to quantify at least one indicator have been steadily growing over the
last six years, with the greatest number of publications in 2020 (Figure 15). Cross sectional
studies were performed more frequently (n=36; Appendix 17), and most focused on all three
Bellwether procedures as per the LCoGS recommendation (n=35; Appendix 18).
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Figure 15: Trend of publication years of the included studies that quantified at least one
indicator.

Table 9: Study designs of included studies quantifying at least one indicator.
Study design
Number of studies
Abstract
15
Cohort study
5
Cross sectional study
36
Economic evaluation
2
Correlational study
2
Modelling study
1
Review
3
a
Mixed methods research
24
a
Included 1 cohort/cross sectional study, 2 cohort/geospatial studies, 1
correlational/geospatial study, 18 cross sectional/geospatial studies, 1
modelling/correlational study, 1 quantitative/qualitative study.
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Table 10: Procedures of interest in the included studies quantifying at least one
indicator.
Procedure of interest
Number of studies
All three Bellwether procedures
35
Two Bellwether procedures
2
Caesarean section
5
Laparotomy
3
Open fracture treatment
5
Surgical carea
15
Anaesthesiab
2
Pediatric surgery
8
Neurosurgery
4
Otherc
10
a
Included 3 studies focused on surgical care that broke down different
types of surgical procedures including all three Bellwether procedures, 1
study on surgical care including one Bellwether procedure.
b
c

Included 1 study focused on obstetric anaesthesia.

Included 1 back surgery, 2 emergency surgery, 1 gastric cancer surgery, 1

head and neck cancer surgery, 1 radial cystectomy, 2 cancer surgery, 1
trauma surgery.

While 14 studies did not provide a complete list of countries studied, a total of 53 countries
were covered by the articles that did disclose their countries of interest (Figure 16). Most of
these countries were from the African or Western Pacific regions (Figure 17), and very few
articles studied countries from the high income (Figure 18) and very high HDI groups
(Figure 19).
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Figure 16: Countries included in the included studies quantifying at least one indicator.
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Figure 17: Countries included in the studies quantifying at least one indicator, grouped
by WHO region.
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Figure 18: Countries included in the studies quantifying at least one indicator, grouped
by WB income group.
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Figure 19: Countries included in the studies quantifying at least one indicator, grouped
by HDI classification.
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Half of the articles reported only one indicator, while over a quarter of articles reported at
least two (Figure 20). Indicators 1 to 3 were the most reported indicators of the six (Figure
21). Of the reported indicators, only half of the studies used the exact definitions given by the
LCoGS (Appendix 26). Some examples of definitions used that did not exactly align with
those given by the LCoGS were: proportion of cities with access to surgery, median travel
time or distance travelled, total number of SOA specialists, total number of procedures
performed, proportion of hospitals that track POMR, total number of deaths, impoverishment
averted, and catastrophic expenditures averted.
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Figure 20: Number of indicators reported by the included studies quantifying at least
one indicator.
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Figure 21: Types of indicators reported by the included studies quantifying at least one
indicator.

2.3.4

All Six Indicators

Six studies aimed to report all six indicators (15,149–153), but one study only reported four
indicators as they explained that collecting data on Indicators 5 and 6 (impoverishing
expenditure and catastrophic expenditure) was not feasible (15). Half of the included studies
were published in 2017 (Figure 22). All six articles used cross sectional data and referred to
all three Bellwether procedures.
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Figure 22: Trend of publication years of the included studies that quantified all six
indicators.
In these six studies, data was provided for all six indicators for a total of 35 countries (Figure
23), with the majority of these countries from the Western Pacific European region (Figure
24), high income group (Figure 25), and very high HDI classification (Figure 26). All
indicators were defined exactly as provided by the LCoGS.

Figure 23: Countries included in the included studies that quantified all six indicators.
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Figure 24: Countries included in the studies that quantified all six indicators, grouped
by WHO region.
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Figure 25: Countries included in the studies that quantified all six indicators, grouped
by WB income group.
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Figure 26: Countries included in the studies that quantified all six indicators, grouped
by HDI classification.

2.4

Discussion

Since global surgery’s monumental year of 2015, there have been 131 research studies
attempting to quantify one or more of the global surgery indicators and facilitate
implementing the NSOAPs. The LCoGS has published two official reports assembling all
available evidence of the six indicators worldwide, and NSOAP reports have been published
by five African countries – Ethiopia, Nigeria, Rwanda, United Republic of Tanzania, and
Zambia. The volume of research grew steadily over the years, with majority of them aimed to
quantify at least one of the six indicators to evaluate the state of SOA care; and as such, most
of the published studies were cross sectional studies or mixed methods research using cross
sectional data. As per the LCoGS recommendation, most of the studies focused on all three
Bellwether procedures to approximate the facility’s capacity to provide essential surgery; but
there were also studies that used other proxies (e.g., presence of a surgical provider, number
of operating rooms) without specifying which surgical procedures were performed at the
facilities. Surgical specialties including pediatric surgery and neurosurgery were also studied
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to examine how they could be integrated in the global surgery agenda. Overall, 84 countries
have at least one research study published in relevance to global surgery measurement,
majority of them belonging to the low HDI classification.
Of the 32 included review articles, most were dedicated to synthesizing data on at least one
indicator, which were most commonly Indicator 2 (Workforce, n=16) or Indicator 3
(Volume, n=14); this coincides with the abundant number of primary analyses on Indicators
2 (n=45) and 3 (n=48) among all of the included studies. Interestingly, few reviews have
attempted to gather articles on Indicator 1 (Access, n=3) even though it is the third most
reported indicator (n=35) out of the included studies. The exact LCoGS definition for
Indicator 1 – the proportion of the population can access, within two hours, a facility that can
perform the Bellwether procedures – was most frequently used when quantifying the
indicator, while other indicators were reported using similar, but not exact, LCoGS
definitions. There is a gap in the availability of data for Indicator 1 and the evaluation of such
data.
In the first two stages of analysis focusing on review papers and studies quantifying at least
one indicator, there was a persistent theme in that low HDI countries were most represented;
however, this was no longer the case in the third stage examining the studies that quantified
all six indicators. While only six studies have reported all six indicators, the studied countries
were mostly from very high (n=12) and high HDI (n=10) classifications. The included
studies in this level were found to report all six indicators for only one low HDI country. This
points to another discrepancy in the amount of available data and the attempts to consolidate
the data. Meanwhile, very few high to very high HDI countries have published individual
primary research studies in relation to the LCoGS despite their wide representation in studies
that quantified all six indicators. The Commission has asserted that the utility of these
indicators is maximized when used and interpreted together, and that no single indicator can
capture the overall state of SOA care (5).
Five countries have released their NSOAP reports (Ethiopia, Nigeria, Rwanda, United
Republic of Tanzania, Zambia). Senegal and Madagascar are reported to have already
launched their plans but no official reports were found online (45). In our review, we found
that 11 countries have indicated their plans to implement NSOAP (Brazil, Cameroon,
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Democratic Republic of the Congo, India, Indonesia, Mozambique, Pakistan, Papua New
Guinea, Somalia, South Africa, Uganda) (27,52–54,63,70,72,85,90,119,124,129,152), with
four countries with publications specifically outlining their situational analysis in order to
plan for their NSOAP development (India, Nigeria, Pakistan, South Africa) (53,54,54,61,63).
Higher HDI countries have yet to report any NSOAP developments, adding to the lack of
individual primary research studies reporting any of the indicators.
Together, we found that there is a growing volume of research following in the post-2015 era
with an increased output particularly from low HDI countries. The wide representation of
low HDI countries serves to bridge the gap in the level of healthcare access between the
developed and developing worlds. While focusing on countries with lower human
development is well warranted, we must be cautious in assuming higher HDI countries have
already reached the LCoGS goal for year 2030. More global reviews are required to confirm
which HDI stratum requires most support.
This scoping review highlights the availability of data on the global surgery indicators and
the progress of implementing NSOAPs. We identified the gap between the availability of
synthesized data on a global scale, so the progress for all countries and not just a specific
group can be represented. Ensuring transparency and open access to all obtained data is
critical in providing examples for other countries to refer to for guidance. We cannot ignore
the varying degrees of nuances surrounding politics, geography, and culture that must be
considered when individual countries undertake research to inform the LCoGS global
surgery indicators. Countries are encouraged to continuously share their experiences as it
could guide other countries when they seek to implement their own NSOAP process. For
example, Pakistan has modified the original NSOAP process to fit its devolved health system
structure where both the federal and provincial governments share the authority over health
policies (54,55). Pakistan is the first Asian country to launch an NSOAP and has set an
example for other countries with similar setting, and demonstrated how to successfully
incorporate surgical plans in their health systems.
Comparability of data has always been a concern for health metrics (15,36). Definitional
issues restrict the comparability of an indicator across studies, consequently diminishing its
utility for interpretation, decision-making, and application. Measurements for POMR, for
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example, has been reported in multiple studies but at varying times (e.g., 24-hour, 7-day, 30day). Clear, unified strategies in quantifying the indicators would lift any barriers in tracking
achievements and consolidating findings for future progress. Comparability ensures the high
utility of the data which is crucial in advancing our efforts in expanding access to SOA care.
We found five studies that potentially obtained the data required in quantifying one of the
indicators but did not. This highlights the capacity of countries to make use of the available
data sources to conduct a more directed situational analysis and plan their national surgical
plan accordingly. In addition to the unused local data, this review emphasized the disconnect
between existing data and the very few attempts to synthesize them together. Conducting
reviews on research studies allows individual countries to situate themselves against the
international target and turn to the experiences of other countries to obtain guidance for
future work.

2.5

Conclusion

It has been six years since access to safe, timely, and affordable essential surgery was
declared a global priority at the WHO accompanied by the release of the six core global
surgery indicators from the LCoGS to track progress toward achieving global surgery access
in line with the timelines suggested by the 2030 sustainable development goals. Using the six
global surgery indicators and assembling country-specific data for situational analyses are
part of an integral start for countries worldwide to inform context-specific gaps in achieving
safe surgical care targets. This scoping review serves as a summary of the studies conducted
in response to the LCoGS and identifies gaps in country-level data for the global surgery
indicators. A global effort will be required to ensure improved tracking and reporting of the
global surgery indicators to optimally inform progress.
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Chapter 3

3

Global Geospatial and Statistical Modelling of Access to
Timely Surgery
3.1

Background

The Lancet Commission on Global Surgery (LCoGS) and the World Health Assembly
(WHA) resolution on “Strengthening Emergency and Essential Surgical Care and
Anaesthesia as a Component of Universal Health Coverage” (WHA68.15) played a critical
role in placing surgery at the forefront of the global health agenda in 2015. The Commission
reported compelling evidence in support of expanding the provision of surgical, obstetric,
and anaesthesia (SOA) care and encouraged all countries to track and monitor the
performance of their national surgical systems. To facilitate tracking, six core indicators were
proposed to address the multidimensional aspects of measuring surgical capacity: access to
timely essential surgery (Indicator 1, Access), specialist surgical workforce density (Indicator
2, Workforce), surgical volume (Indicator 3, Volume), perioperative mortality rate (Indicator
4, POMR) and financial risk protection against catastrophic or impoverishing expenditure
(Indicator 5 & 6, FRP) (5). Each indicator was assigned a time-bound goal to facilitate
tracking universal access to safe, timely, and affordable surgical and anaesthesia care by year
2030 (Table 1), aligning with the 2030 United Nations (UN) Sustainable Development Goals
(SDGs).
In the previous chapter, our scoping review outlined all studies that have previously reported
one or more of the core indicators. Overall, the scoping review highlighted that there were
several gaps remaining in reporting of the global surgery indicators. While there was a high
volume of primary research on access to timely essential surgery (Indicator 1), this was not
reflected in the number of systematic reviews conducted on the topic. Systematic reviews are
the cornerstone of informed and strategic decision making in the realm of public health
planning and an invaluable tool for synthesizing evidence across studies. They facilitate
understanding of the availability and directionality of the evidence. Systematic reviews and
evidence syntheses are vital especially in global health research to facilitate cross-country
reporting and benchmarking, and to derive lessons for future policy making. An overview of
existing data would help visualize the regions lacking information as showcased in our
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scoping review that indicated a skewed distribution of countries reporting the indicators
along the Human Development Index (HDI) scale. Identifying areas that require a greater
level of attention and investment is a critical component of global health research as the
overall aim is to achieve universal health coverage and reduce inequities in access to
essential surgery.
The Three Delays Framework proposes three categories of potential delays encountered
between the onset of symptoms or disease to time of receiving treatment (159). Specifically,
the Three Delays Framework suggests consideration of delays in seeking, reaching, and
receiving care. Indicator 1 (Access) was developed to inform the second delay – delay in
reaching surgical care – specifically aimed to target the geographic challenges that contribute
to the delay (5). While delays in seeking and receiving care are also equally important
components of Access, they are more difficult to capture since delays in seeking care
requires surveys of sociocultural barriers and preferences or knowledge of the role of surgery
in conditions amenable to treatment, and delays in receiving care require door-to-treatment
time, which is an intensive measure to track; and hence, geographic access has been proposed
as an overall proxy for population access to surgery services. The travel time of patients
reaching surgery capable facilities is impacted by multiple factors including the number and
distribution of the facilities, terrain types, road conditions, and mode of transportation (149).
Access to private vehicles, ambulances and public transportation is variable, especially in
low- and middle-incomes countries (LMICs) (94).
The LCoGS originally defined Indicator 1 as timely access to surgery as the proportion of the
total population that has 2-hour access to a facility that can perform caesarean section,
laparotomy, and treatment of open fracture (the three Bellwether procedures of surgery) (5).
The Bellwether procedures serve as a proxy to determine the capacity of a facility to perform
other essential surgical procedures given the shared resources and skills (5,11). It is
important to note that the use of Bellwether procedures within this indicator does not indicate
a facility’s ability to treat only the specific conditions requiring those procedures. Rather, the
Bellwether procedures were proposed by the LCoGS to broadly capture the level of capacity
and delivery of essential surgical care, given the difficulty in recording and reporting on all
types of surgery in many low- and middle-income settings. The threshold of two hours to
define timely access was chosen to reflect the critical duration of time wherein untreated
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post-partum hemorrhage can lead to death, since the most common surgical procedure in low
resource settings is caesarean section (5). While some surgical conditions may require a
longer or shorter window for optimal intervention, the 2-hour timeframe is based on the more
common, time-critical condition by which most patients must have access to SOA care to
meet recommended standards of access (5). Measuring Indicator 1 requires the identification
of facilities offering essential surgical services and their locations relative to the where
people live, as mapped for the whole population (5). Geographic access has often used
straight-line (Euclidean) distance measurements in the past; however, recent advancements in
geospatial data allow critical factors to be accounted for including geographic terrain,
landcover types, and road infrastructure, in order to achieve more accurate spatial-temporal
measurements (160).
As defined by the LCoGS, countries are recommended to achieve a minimum of 80%
coverage in population with timely access to essential surgical and anaesthesia services by
2030 (5). This target works in parallel to the World Bank (WB) and World Health
Organization (WHO) target of reaching 80% access to essential health services as a
component of Universal Health Care by 2030 (8,10). Few studies have evaluated countrylevel data for Indicator 1, and no studies have attempted to project global estimates for
Indicator 1 for all countries globally. This study aims to provide updated estimates of 2-hour
access to surgery at the country-level based on a synthesis of existing publicly available data,
and subsequently, to derive estimates for the total global population with 2-hour access to
surgery based on country-level HDI.

3.2

Methods

This study has three main components: identifying pre-existing publicly available records
reporting population access to essential surgery (Indicator 1); conducting geospatial analysis
to directly estimate Indicator 1 for all countries with available geospatial data and geolocated
hospitals that have surgical capacity; and using this data to make predictions of Indicator 1
for all countries globally based on derived relationships between access and country-level
HDI (Figure 27).

43

Available Data from Pre-Existing Sources
Publicly available data from published studies or other sources reporting access to surgery

Geospatial Model
Publicly available data reporting names or locations of surgery
capable hospitals

De novo online searches for named surgery capable hospitals
and their locations; de novo geospatial analysis to directly
estimate Access at the country level

Statistical Model
Regression to derive relationship between access and HDI, and to project estimates for access for countries with missing data,
adjusted for year 2021

Figure 27: Flow chart of methodology.

3.2.1

Pre-existing Studies and Publicly Available Data

Results from the scoping review in chapter 2 were used to identify the pre-existing studies
and publicly available data for Indicator 1. In summary, an electronic search was conducted
on February 8, 2021, using keywords “Lancet Commission,” “global surgery,” “National
Surgical Obstetric and Anesthesia plan,” and specific terms related to each of the global
surgery indicators and facility assessment tools (Appendix 3). The databases Pubmed,
Medline, Embase, Cochrane Reviews, and WHO Global Index Medicus were searched, and
grey literature searches were also conducted.
Among the included studies, we categorized studies into the following:
•

•

For primary analysis: Studies that reported Indicator 1 using the exact LCoGS definition – the
proportion of the population with 2-hour access to a facility providing the Bellwether procedures
(5).
For secondary analysis: Studies reporting timely access to essential surgery using proxy
definitions other than the availability of the three Bellwether procedures. All proxy definitions
used can be found in Appendix 49.
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Studies were excluded if they reported only the proportion of population within a certain
distance, not travel time, of surgery capable facilities unless the authors clearly showed
evidence that the distance was an apt approximation for 2-hour access. Studies were also
excluded if they relied on estimating population with timely access based on reported
‘catchment area’ of a hospital since many patients live outside of the designated district or
regional catchment area (161).
Author name, year of publication, country of interest, data collection date, facility sampling
method, number of facilities sampled, surgical procedures of interest, assessment method for
ascertaining surgery capacity, and percentage of population with 2-hour access were recorded
in a predefined Excel spreadsheet.

3.2.2

Geospatial Model

We aimed to have a fair distribution of countries across the four HDI classifications (Table 4;
Figure 28). Countries are assigned HDI values as defined by the UN, ranging from zero to
one, based on their accomplishments in human development (i.e., life expectancy, level of
education of the people, gross national income) (21). In this study, HDI was used to predict a
country’s level of access to the timely essential surgery in the statistical model (section
3.2.3), so it was imperative to have a wide representation of countries along the HDI scale.
The positive relationship between HDI and Access was consistent with pre-existing evidence,
whereby Access is generally lower in low HDI settings compared to higher HDI settings
(15,58,117,131,147). This provided justification for using HDI to derive the relationship
between Access and country for countries with missing data in our analysis.
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Note. HDI = Human Development Index.

Figure 28: Countries according to their HDI classification.

Geospatial analysis involves the creation and manipulation of geographic information system
(GIS) data to create models and predictions of trends, relationships, and situations (162).
Indicator 1 is the only global surgery indicator that considers the geographic challenges of
surgical access, therefore relying on GIS data for accurate measurements. There are three
main data elements in measuring Indicator 1: facility data, population data, and the
quantification of travel time between the two elements. Facility data refers to the
identification of facilities that offer the three Bellwether procedures and their corresponding
geographic locations. Obtaining these locations for our geospatial analyses will be described
further in sections 3.2.2.1 and 3.2.2.2. Population data was represented using the WorldPop
population count raster data, which estimate the total number of people per grid-cell for each
country at a resolution of 1 km and adjusted to 2020 UN population projections (163). Raster
data refers to a matrix of cells (or pixels) containing a value (e.g., population, time, elevation)
organized in a gridded format (164). They can be based on aerial photographs, satellite
images or, in the case of WorldPop population count rasters, population and housing
censuses (165,166).
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The travel time for the population to reach the nearest surgery capable facility was calculated
using the global friction surface raster and accessibility mapping code shared by The Malaria
Atlas Project (MAP) (167). The global friction surface raster quantified the time required to
travel per grid-cell within Earth’s surface represented at a resolution of 1 km based on
datasets of roads, railways, land cover types (e.g., forest, urban, water), topography, and
national borders (160). The MAP team has indicated that the raster largely relies on road
networks from OpenStreetMap (OSM) and Google Roads when calculating the routes of
travel since most people would choose the path of least resistance in their journeys (160).
They also consulted OSM data to determine the median speed limit value for each road type
in each country (160). The shared accessibility mapping code used a least-cost-path
algorithm to calculate the travel time from every pixel to a facility accessible via the shortest
journey and the code would produce a custom map of travel time from each inputted facility
location (160). This process was performed using RStudio (Boston, MA). The resultant travel
time map was used to define 2-hour access zones, which were overlaid with population
rasters to calculate the sum of population count pixels confined to those zones – a process
referred to as zonal statistics. Indicator 1 was computed with a numerator of the total
population living within the 2-hour access zones over the denominator of the total population
of the country. The total population count was obtained through another zonal statistics of the
same population data but within the country’s administrative boundaries derived from the
Database of Global Administrative Areas (GADM) (168). All zonal statistics were conducted
using ArcGIS Pro (Redlands, CA). An example of the geospatial analysis process can be
found in Figure 29.
A

.

B
.
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Note. (A) Administrative area of Afghanistan outlined using the Database of Global Administrative
Areas (GADM); (B) Geographic locations of Bellwether capable facilities obtained from the
Afghanistan Service Provision Assessment 2018-19 survey; (C) Travel time map indicating the
number of hours it would take to reach the Bellwether capable facilities; (D) Zones with 2-hour
access to Bellwether capable facilities; (E) Afghanistan 2020 United Nations (UN) adjusted
population count raster from WorldPop; (F) Two-hour access zones overlaid with Afghanistan 2020
UN adjusted population count raster from WorldPop.

Figure 29: Flow chart of the geospatial model for Afghanistan.

3.2.2.1

Published data used to locate facilities with surgical capability

Our scoping review identified pre-existing studies that assessed and reported the surgical
capacity of facilities selected either as a national census or as a nationally representative
sample. The included articles must have provided the names of the health facilities offering
surgery so we could manually search and obtain their geographic locations using Google
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Earth to input in the previously described geospatial model. The names of the authors, year
of publication, country of interest, data collection date, facility sampling method, number of
facilities sampled, surgical procedures of interest, surgical assessment method, and
geographic location of the sites were recorded in Excel. Articles that reported Indicator 1 in
addition to providing the names of the surgery capable hospitals were also included to test
the validity of our geospatial analysis in comparison to the original study’s methodology.
Other data sources were consulted to identify additional surgery capable facilities. The
Service Provision Assessment (SPA) surveys developed and implemented by the
Demographic and Health Surveys (DHS) Program collect information on general and
specific service availability and readiness at a national level (169). We reviewed all available
SPA surveys with corresponding GIS datasets and identified survey questions assessing the
capacity to provide surgical care including the three Bellwether procedures, if available.
Specific terms were searched in each survey to evaluate questions alluding to the facility’s
surgical capacity (Appendix 46). Geographic locations of corresponding facilities were
matched and isolated to produce a list of facility coordinates using RStudio. These locations
were then entered in our geospatial model to calculate the proportion of population with 2hour access to essential surgery.

3.2.2.2

Manual searches used to obtain facility data

Our scoping review identified a skewed distribution of countries towards the low and
medium HDI groups. To ensure a wide representation of countries across all four HDI strata,
we selected an additional 10 high HDI countries and 10 very high HDI countries using
Chebyshev’s Theorem (170). We assumed that all population living in urbanized regions had
2-hour access to the Bellwether procedures and conducted our geospatial analysis to nonurbanized (i.e., rural) regions only to complete the estimation for Indicator 1 in these higher
HDI countries. Research has consistently shown that timely access to surgery is highly
correlated to high population density and urbanized areas (65,79).
We obtained a list of all hospitals in each of the selected countries from Healthsites.io, an
OSM project dedicated to locate and consolidate information on all health facilities around
the world (171). These health facilities were identified to be either urban or rural locations
based the Global Human Built-up And Settlement Extent (HBASE) Landsat dataset, derived
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from 2010 global Landsat satellite data from the NASA Socioeconomic Data and
Applications Center (SEDAC) (172). The HBASE rasters have assigned values to each gridcell based on land cover types at a resolution of 30 m; so, urban land (e.g., buildings, roads,
parking lots, and other urban settlement features) would be quantified as HBASE and nonurban land cover as non-HBASE. Separate values for roads and no data (e.g., clouds,
shadows) were also available. The geographic locations of health facilities were overlaid
with the HBASE raster using ArcGIS Pro to sort each facility to be either HBASE or nonHBASE. Of the health facilities assigned values of non-HBASE or no data, those with the
amenity type “hospitals,” defined by Healthsites.io as medical centres providing treatment by
specialized staff for in-patient services, were separated from all other facilities to be included
in our finalized list of facilities to be manually cross-referenced using online searches (173).
Amenity types “clinics” or “doctors” were excluded since they referred to medical centres
with doctors for outpatient care only or individual doctor’s office, respectively, and most
likely not able to perform any surgery (173).
All non-HBASE, or rural, hospitals were manually searched on Google to access
corresponding official hospital websites, journal articles, news articles, social media
accounts, or online videos with any information on their capacity to perform surgery. The
same key terms used to identify surgical questions in the SPA surveys were consulted in
identifying the performance of the three Bellwether procedures at each hospital (Appendix
46). Each hospital’s OSM identification code, amenity type, contact number, website link,
address, geographic location, and HBASE value were recorded in Excel. In the same
extraction form, verdicts on whether the hospital performed the procedure of interest, terms
used to make the verdict, and website link directing to the used term were recorded for each
Bellwether procedure. Health facilities deemed to be mislabeled as a hospital (e.g., having
the word “clinic” or “health centre” in the name) were excluded at the discretion of data
extractors. The excluded hospitals were later reviewed by the author to confirm their
ineligibility.
The geographic locations of the rural hospitals confirmed to perform all three Bellwether
procedures were entered in our geospatial model to produce a custom travel map using
RStudio. Indicator 1 of the selected countries were calculated with the sum of total rural
population with 2-hour access to the Bellwether procedures and total population living in
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urbanized regions (i.e., those assumed to already have 2-hour access) serving as the
numerator over the total population living in the country as the denominator. All zonal
statistics were performed using ArcGIS Pro.

3.2.3

Statistical Model

Access to timely essential surgery for all 194 WHO member states were projected for the
year 2021 using each country’s latest HDI values (174). Countries and territories included in
the 2019 HDI dataset but not assigned a separate WHO region assignment (i.e., Hong Kong,
China (SAR), Liechtenstein, and State of Palestine) were manually added to our dataset and
assigned WHO regions based on their nearest analogous neighboring country or previous
history (175,176).
For the primary analysis, we used a linear regression model to estimate the proportion of
each country’s population with 2-hour access to facilities providing the three Bellwether
procedures based on their corresponding HDI value. The year of data collection was included
in the model to estimate the proportion of population with access for the year 2021.
Remaining analyses were all adjusted for year to project each country’s current Indicator 1
status. Both HDI and year of data collection showed linear relationships to Indicator 1, as
confirmed by separate scatter plots (Appendix 47; Appendix 48); and additional assessments
in normality, collinearity, and homoscedasticity confirmed that linear regression provided an
adequate fit for the data.
For secondary analysis, the population proportion with access to Bellwether procedures was
projected based on inequality-adjusted HDI (IHDI) values instead of HDI values. IHDI
combines a country’s average achievements in the three dimensions of HDI (health,
education, and income) with how those achievements are distributed among the country’s
population by discounting each dimension’s average value according to its level of inequality
(21). This analysis was to reflect the reality of the unequal distribution of privileges at the
sub-country level when accessing healthcare. Another secondary analysis was planned based
on HDI values, not IHDI, that measured timely access to surgery that used broader
definitions. This analysis was conducted using a more inclusive dataset with Indicator 1
calculated using proxy variables that were less specific than the Bellwether procedures (e.g.,
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level of hospital, availability of an operating room; the full list of proxy definitions used can
be found in Appendix 49).
Subgroup analyses were planned to aggregate data based on geography, WB income group,
and HDI. Geographic groupings were defined by official WHO regions for the year 2020,
where WHO member states are grouped into one of six WHO regions (Table 2) (18). Income
groupings followed the 2020 WB list of economies, which assigns member states into one of
four income groups based on the WB list of analytic income classification of economies for
the fiscal year (Table 3) (19). Countries were also grouped according to their HDI
classifications (Table 4).
Sensitivity analyses were conducted to test the robustness of our results based on definitions
and sources of data. We narrowed our definition of Bellwether capable hospitals to those that
were identified by directly determining whether Bellwether procedures have been previously
performed (e.g., checking codes for the procedures in the official health registry, operating
room logbooks, etc.) and projecting timely access to Bellwether access with these data points
only. We then reverted to our original definition for Bellwether capable facilities but only
included facilities that were identified as a national census, and not selected in a nationally
representative sample, to capture a full coverage of Bellwether capable facilities available in
a country. We then combined the two definitions to only restrict to data points that were
directly measuring the Bellwether procedures in a national census of facilities. These three
analyses were repeated for data points collected using any proxy variables indicative of
surgical services, and not just all three Bellwether procedures.
At each level of analysis, we reported the value of Indicator 1 for each WHO member state
and proportion of countries that meet threshold of 80% of population with 2-hour access to
Bellwether procedures as our primary outcomes, then median proportion of population access
to essential surgery at the country level, and aggregated by HDI category as our secondary
outcomes.

52

3.3

Results

We identified 25 studies that reported access to essential surgery using the LCoGS definition
(15,58,61,70,72,74,76,81,97,99,106,115,116,118,121,124,128,137,143,147,149–153) and 16
of those studies provided the actual statistic using nationally representative data that could be
used in our statistical model (15,58,70,74,81,97,99,106,124,128,143,147,149–151,153).
Indicator 1 measurements available in the official LCoGS report and the Rwandan NSOAP
report were included in the model as well (12,24). Additional articles identified after
completion of the scoping review and during online searches for geolocations of surgical
facilities were also included (117,177,178). The scoping review also retrieved publications
listing the names of surgery capable facilities that we used in our geospatial model to
quantify Indicator 1 de novo (12,58,128,149). All studies and other sources included in our
statistical model are further described in Appendix 49. Indicator 1 estimates obtained by
published articles were compared with those obtained in our geospatial model using the same
set of facility locations but an updated population data, and there was broad agreement across
all of the included countries with a median of 0.5% difference (Appendix 50). The geospatial
model also used facility data derived from additional articles obtained through manual
searches, SPA surveys, and online searches of hospitals in rural areas of high and very high
HDI countries (119,179–182). Overall, we obtained measurements of timely access to
surgery determined by any proxy variable across 102 countries (Figure 30). Countries with
available data were mainly from the African region (n=45) (Figure 31), lower-middle income
group (n=33) (Figure 32), or low HDI classification (n=32) (Figure 33).
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Figure 30: Countries with data on timely access to surgery determined by any proxy
variable.
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Figure 31: Countries with data on timely access to surgery grouped by WHO region.
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Figure 32: Countries with data on timely access to surgery grouped by WB income
group.
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Figure 33: Countries with data on timely access to surgery grouped by HDI
classification.
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Twelve studies specifically focused on all three Bellwether procedures as instructed by the
LCoGS and reported Indicator 1 for 91 countries. These measurements suggested that threequarters of the countries with data (n=68/91) have met the goal of achieving at least 80% of
population with 2-hour access to the Bellwether procedures, with majority of the countries
having low HDI (n=25) (Figure 34), and remaining countries (n=22) have not met this goal
yet, with majority being from the medium HDI classification (n=8) (Figure 35). The median
proportion of access for very high, high, medium, and low HDI were 100% (IQR: 2.5%),
90% (17%), 83% (32%), and 93% (18%), respectively.

Figure 34: Proportion of population with 2-hour access to all three Bellwether
procedures for countries with data.
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Figure 35: Status of achieving at least 80% coverage for countries with data on timely
access to the Bellwether procedures, grouped by HDI classification (n=91 countries with
data).

With the existing data, we were able to estimate the proportion of population with 2-hour
access to the Bellwether procedures for WHO member states with available HDI values
(n=189). A total of 13 statistical analyses were conducted to quantify Indicator 1 using
differing definitions to allow for assessment of definition-sensitivity (Figure 36; Table 11).
The results from each analysis will be described in the following sections.
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Note. 1A = Primary analysis, unadjusted. 1B = Primary analysis, adjusted for collection year. 2A =
Secondary analysis, based on IHDI. 2B = Secondary analysis, any surgical proxy. 3A = Subgroup
analysis, World Health Organization (WHO) regions. 3B = Subgroup analysis, World Bank (WB)
income groups. 3C = Subgroup analysis, Human Development Index (HDI) classifications. 4A =
Sensitivity analysis, direct procedure measurement (Bellwethers). 4B = Sensitivity analysis, national
census (Bellwethers). 4C = Sensitivity analysis, direct measurement & national census (Bellwethers).
4D = Sensitivity analysis, direct procedure measurement (any surgical proxy). 4E = Sensitivity
analysis, national census (any surgical proxy). 4F = Sensitivity analysis, direct measurement &
national census (any surgical proxy).

Figure 36: Box plots depicting the range and median of modelled timely access to the
Bellwether procedures for each statistical analysis performed.
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Table 11: Countries according to their status of achieving at least 80% of population with 2-hour access to all three Bellwether
procedures and median of projected values by HDI classification.
No. of countries with goal met

No. of countries with goal not met
Very
Low Medium High High
Total
HDI
HDI
HDI
HDI
PRIMARY ANALYSIS

Analysis type

Total

Low
HDI

Medium
HDI

High
HDI

Very
High
HDI

Unadjusted

179

23

37

53

66

10

10

0

0

Adjusted for
collection year

47

0

0

0

47

142

33

37

53

Median (IQR) of Accessa

Overall
Median
(IQR) of
Access

Low
HDI

Medium
HDI

High
HDI

Very
High HDI

Overall
Range of
Access

0

81%
(1.0%)

84%
(1.7%)

87%
(1.4%)

90%
(2.4%)

78%92%

87%
(5.4%)

19

69%
(2.3%)

73%
(2.3%)

77%
(1.8%)

82%
(3.2%)

66%84%

77%
(7.3%)

71%
(1.0%)
76%
(2.3%)

74%
(1.7%)
80%
(2.3%)

77%
(1.7%)
85%
(1.9%)

81%
(2.6%)
89%
(3.2%)

68%83%
73%92%

77%
(7.6%)
85%
(7.5%)

89%
(0.65%)
25%
(7.6%)
12%
(1.8%)

62%
(37%)
100%
(0%)
100%
(1.7%)

77%
(17%)
67%
(27%)
72%
(12%)

76%
(21%)
91%
(1.7%)
81%
(4.2%)

3%100%
8%100%
10%100%

77%
(19%)
91%
(33%)
80%
(16%)

SECONDARY ANALYSIS
Based on

IHDIb

Any surgical
proxy

41

0

0

0

41

111

30

29

38

14

143

0

24

53

66

46

33

13

0

0

SUBGROUP ANALYSIS
WHO region
WB income
group
HDI
classification

85

28

13

21

23

103

4

24

32

43

109

8

30

16

55

80

25

7

37

11

85

0

37

6

42

104

33

0

47

24

SENSITIVITY ANALYSIS
Direct
procedure
measurement
(Bellwethers)
National
census
(Bellwethers)
Direct
measurement
& national
census
(Bellwethers)

94

0

0

28

66

95

33

37

25

0

62%
(4.9%)

71%
(4.9%)

80%
(3.9%)

90%
(6.8%)

56%95%

80%
(16%)

65

0

0

0

65

124

33

37

53

1

36%
(9.7%)

54%
(9.7%)

71%
(7.8%)

91%
(13%)

24%100%

71%
(31%)

0

0

0

0

0

189

33

37

53

66

31%
(6.8%)

43%
(6.3%)

56%
(5.5%)

69%
(9.5%)

22%76%

55%
(22%)
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Direct
procedure
measurement
(any surgical
proxy)
National
census
(any surgical
proxy)
Direct
measurement
& national
census (any
surgical proxy)

47

0

0

0

47

142

33

37

53

19

56%
(4.9%)

65%
(4.9%)

74%
(3.9%)

84%
(6.8%)

50%89%

74%
(16%)

69

0

0

3

66

120

33

37

50

0

42%
(8.7%)

58%
(8.7%)

74%
(7.0%)

91%
(12%)

31%100%

74%
(28%)

0

0

0

0

0

189

33

37

53

66

31%
(6.8%)

43%
(6.8%)

56%
(5.5%)

69%
(9.5%)

22%76%

55%
(22%)

Note. HDI = Human Development Index. WHO = World Health Organization. WB = World Bank.

aAccess

expressed as the proportion of total population with 2-hour access to surgery when needed.

bIncluded

45 countries without IHDI.
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Table 12: Regression results for each analysis.
Unstandardized
coefficients
B
SE

Analysis type

No. of
countries
with
dataa

Unadjusted

85

0.24

0.12

0.19

1.96

0.053

Adjusted for
collection year

85

0.32

0.13

0.25

2.52

0.013

Standardized
coefficients
Beta (β)
t
PRIMARY ANALYSIS

P

F (df)
3.84
(1,206)
3.90
(2,105)

Fit
P

R2

0.053

0.026

0.023

0.051

0.063

0.042

0.044

0.035

0.97

-0.039

0.20

0.16

0.057

0.75

0.019

0.30

<0.001

1

<0.001

0.64

0.30

0.021

0.052

0.19

0.43

-0.0075

0.093

0.12

0.076

0.14

0.0076

0.30

0.12

0.10

0.059

0.11

SECONDARY ANALYSIS
Based on IHDIb

68

0.22

0.11

0.23

2.02

0.047

Any surgical
proxy

92

0.33

0.13

0.23

2.45

0.016

2.85
(2,82)
3.20
(2,120)

SUBGROUP ANALYSIS
WHO region
Africa

45

-0.075

0.29

-0.039

-0.26

0.79

Americas

8

3.3

1.95

0.65

1.69

0.13

Eastern
Mediterranean

6

1.1

0.39

0.79

2.91

0.062

Europe

14

0.50

0.90

0.11

0.56

0.58

2

2.8

<0.001

1

<0.001

<0.001

10

1.6

0.31

0.83

5.15

<0.001

High

18

-0.20

0.28

-0.15

-0.71

0.48

Upper-middle

17

-0.088

0.95

-0.020

-0.092

0.92

Lower-middle

27

0.38

0.61

0.11

0.63

0.53

Low

23

-0.83

0.86

-0.19

-0.98

0.34

Very high

18

-0.42

0.79

-0.12

-0.54

0.60

High

17

2.1

0.95

0.39

2.3

0.034

Medium

19

2.9

1.6

0.35

1.81

0.084

Low

31

-0.26

0.65

-0.066

-0.40

0.69

South-East
Asia
Western
Pacific
WB income group

0.034
(2,50)
1.97
(2,8)
8.63
(2,3)
5.01
(2,17)
<0.001
(1,1)
13.3
(2,12)
1.26
(2,22)
3.47
(2,19)
0.87
(2,32)
2.64
(2,23)

HDI classification
2.92
(2,21)
6.13
(2,22)
2.32
(2,22)
3.11
(2,31)

SENSITIVITY ANALYSIS
Direct
procedure
measurement
(Bellwethers)
National
census
(Bellwethers)
Direct
measurement

15

0.69

0.20

0.69

3.47

0.0038

6.03
(2,14)

0.013

0.39

41

1.4

0.20

0.69

6.92

<0.001

23.9
(2,55)

<0.001

0.45

14

0.96

0.19

0.85

4.95

<0.001

12.3
(2,13)

0.001

0.60
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& national
census
(Bellwethers)
Direct
procedure
6.82
measurement
16
0.69
0.19
0.69
3.60
0.0026
0.0078
0.41
(2,15)
(any surgical
proxy)
National
census
19.6
51
1.2
0.20
0.64
6.24
<0.001
<0.001
0.37
(any surgical
(2,61)
proxy)
Direct
measurement
12.3
& national
14
0.96
0.19
0.85
4.95
<0.001
0.001
0.60
(2,13)
census (any
surgical proxy)
Note. HDI = Human Development Index. WHO = World Health Organization. All estimates correspond to relationship
between HDI and Access, adjusted for collection year.
aNumber

of countries with reported Indicator 1 with an official assignment of HDI that were included in each analysis.

bEstimates

3.3.1
3.3.1.1

corresponding to the relationship between IHDI and Access, adjusted for data collection year.

Primary Analysis
Unadjusted

In our primary analysis, data from 92 countries was eligible for inclusion to derive the
relationship between access and HDI, and to make projections for remaining countries. The
predicted values ranged from 78% to 92% (median (IQR): 87% (5.4%)). Ninety-five percent
of countries (n=179/189) were predicted to have met the goal of achieving at least 80%
coverage in timely access, with only 10 countries, all from the low HDI classification, not
having met this goal (Figure 37-Figure 38).
Using this definition (access to Bellwether procedures), the median estimate for access was
90% (IQR: 2.4%) in very high HDI countries, 87% (1.4%) in high HDI countries, 84%
(1.7%) in medium HDI countries, and 81% (1.0%) in low HDI countries. The HDI did not
significantly predict Access (β=0.19, t(206)=1.96, p=0.053) nor did HDI explain a significant
proportion of variance in Access (R2=0.026, F(1,206)=3.84, p=0.053).
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Note. HDI = Human Development Index.

Figure 37: Projections of proportion of population with 2-hour access to all three
Bellwether procedures based on HDI, unadjusted for year.
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Figure 38: Status of achieving at least 80% of population with 2-hour access to all three
Bellwether procedures based on HDI, unadjusted for year, grouped by HDI
classification.
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3.3.1.2

Adjusted for collection year

The correlation between HDI and projected proportion with timely access per country was
statistically significant when year of data collection was included in the model (β=0.25,
t(105)=2.52, p=0.013). The HDI also explained a significant proportion of variance in Access
(R2=0.051, F(2,105)=3.90, p=0.023). The projected estimate of proportion of population with
access to surgery ranged from 66% to 84% (median (IQR): 77% (7.3%)). When adjusted for
year, 47 countries met the target of at least 80% of the population with access to Bellwether
procedures, all very high HDI countries (Figure 39-Figure 40).
Using this definition (access to Bellwether procedures, with adjustment for year of data
collection), the median estimate for access was 82% (IQR: 3.2%) in very high HDI countries,
77% (1.8%) in high HDI countries, 73% (2.3%) in medium HDI countries, and 69% (2.3%)
in low HDI countries.

Note. HDI = Human Development Index.

Figure 39: Projections of proportion of population with 2-hour access to all three
Bellwether procedures based on HDI, adjusted for year 2021.
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Figure 40: Status of achieving at least 80% of population with 2-hour access to all three
Bellwether procedures based on HDI, adjusted for year 2021, grouped by HDI
classification.

3.3.2
3.3.2.1

Secondary Analysis
Based on IHDI

For this model, projections were made based on available data from 92 countries, though
IHDI was available for 152 countries only. When projecting Indicator 1 based on IHDI
instead of HDI, the values ranged from 68% to 83% (median (IQR): 77% (7.6%)) and only
41 very high HDI countries were found to have met the goal (Figure 41-Figure 42).
Using this definition (access to Bellwether procedures, with adjustment for year of data
collection, based on IHDI), the median estimate for access was 81% (IQR: 2.6%) in very
high HDI countries, 77% (1.7%) in high HDI countries, 74% (1.7%) in medium HDI
countries, and 71% (1.0%) in low HDI countries. The IHDI had a significant association with
Access (β=0.23, t(82)=2.02, p=0.047) but IHDI did not explain a significant proportion of
variance in Access, (R2=0.042, F(2,82)=2.85, p=0.063).
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Note. IHDI = Inequality-Adjusted Human Development Index.

Figure 41: Projections of proportion of population with 2-hour access to all three
Bellwether procedures based on IHDI, adjusted for year 2021.

Countries by HDI classification
Low

0

Medium

0

High

0

Very high

30
29
Goal Met
38
41

14
0

10

Goal Unmet

20

30

40

50

Number of countries

Note. IHDI = Inequality-Adjusted Human Development Index. HDI = Human Development Index.

Figure 42: Status of achieving at least 80% of population with 2-hour access to all three
Bellwether procedures based on IHDI, adjusted for year 2021, grouped by HDI
classification.
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3.3.2.2

Any surgical proxy

This model used data obtained from 100 countries to estimate Indicator 1 for each country.
The modelled proportions with access to surgery defined by any proxy variable, and not
necessarily the three Bellwether procedures, based on HDI ranged from 73% to 92% (median
(IQR): 85% (7.5%)). No low HDI countries met this goal in this analysis, while all very high
HDI countries (n=66) and high HDI countries (n=53) met this goal (Figure 43-Figure 44).
Using this definition (access to surgical care, with adjustment for year of data collection), the
median estimate for access was 89% (IQR: 3.2%) in very high HDI countries, 85% (1.9%) in
high HDI countries, 80% (2.3%) in medium HDI countries, and 76% (2.3%) in low HDI
countries. The HDI significantly predicted Access (β=0.23, t(120)=2.45, p=0.016) and also
explained a significant proportion of variance in the outcome (R2=0.035, F(2,120)=3.20,
p=0.035).

Note. HDI = Human Development Index.

Figure 43: Projections of proportion of population with 2-hour access to surgery
defined by any proxy variable based on HDI, adjusted for year 2021.
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Figure 44: Status of achieving at least 80% of population with 2-hour access to surgery
defined by any proxy variable based on HDI, adjusted for year 2021, grouped by HDI
classification.

3.3.3
3.3.3.1

Subgroup Analysis
WHO region

This model used data obtained from 92 countries to make the projections. Subgroup analysis
by WHO regions predicted values between 3% to 100% (median (IQR): 77% (19%)). Eightyfive countries were predicted to have met this goal and the low HDI countries were the only
stratum that had more goal-met countries than goal-unmet (Figure 45-Figure 46).
Using this definition (access to Bellwether procedures, with adjustment for year of data
collection, grouped by WHO region), the median estimate for access was 76% (IQR: 21%) in
very high HDI countries, 77% (17%) in high HDI countries, 62% (37%) in medium HDI
countries, and 89% (0.65%) in low HDI countries. The regression results for each WHO
region can be found in Table 12.
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Note. HDI = Human Development Index. WHO = World Health Organization.

Figure 45: Projections of proportion of population with 2-hour access to all three
Bellwether procedures based on HDI and countries grouped by WHO region, adjusted
for year 2021.
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Figure 46: Status of achieving at least 80% of population with 2-hour access to all three
Bellwether procedures based on HDI and countries grouped by WHO region, adjusted
for year 2021, grouped by HDI classification.
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3.3.3.2

WB income group

When grouped by WB income group, the predicted values were between 8% and 100%
(median (IQR): 91% (33%)) and 109 countries were projected to meet the goal of achieving
80% of population with timely access to Bellwether procedures. Of the countries that met
this goal, very few were from the low HDI classification (n=8) and majority were from the
medium (n=30) and very high HDI classifications (n=55) (Figure 47-Figure 48).
Using this definition (access to Bellwether procedures, with adjustment for year of data
collection, grouped by WB income group), the median estimate for access was 91% (IQR:
1.7%) in very high HDI countries, 67% (27%) in high HDI countries, 100% (0%) in medium
HDI countries, and 25% (7.6%) in low HDI countries. The regression results for each WB
income group can be found in Table 12.

Note. HDI = Human Development Index. WB = World Bank.

Figure 47: Projections of proportion of population with 2-hour access to all three
Bellwether procedures based on HDI and countries grouped by WB income group,
adjusted for year 2021.
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Figure 48: Status of achieving at least 80% of population with 2-hour access to all three
Bellwether procedures based on HDI and countries grouped by income group, adjusted
for year 2021, grouped by HDI classification.

3.3.3.3

HDI classification

Subgroup analysis by HDI groupings projected Indicator 1 ranging from 10% to 100%
(median (IQR): 80% (16%)). No low HDI countries met the goal while all medium HDI
countries achieved it (Figure 49-Figure 50).
Using this definition (access to Bellwether procedures, with adjustment for year of data
collection, grouped by HDI classification), the median estimate for access was 81% (IQR:
4.2%) in very high HDI countries, 72% (12%) in high HDI countries, 100% (1.7%) in
medium HDI countries, and 12% (1.8%) in low HDI countries. The regression results for
each HDI group can be found in Table 12.

71

Note. HDI = Human Development Index.

Figure 49: Projections of proportion of population with 2-hour access to all three
Bellwether procedures based on HDI and countries grouped by HDI classification,
adjusted for year 2021.

Countries by HDI classification
0

Low

Medium

33
37

0

Goal Met

6

High

47

Very high

42

24
0

10

20

Goal Unmet

30

40

50

Number of countries

Note. HDI = Human Development Index.

Figure 50: Status of achieving at least 80% of population with 2-hour access to all three
Bellwether procedures based on HDI and countries grouped by HDI classification,
adjusted for year 2021, grouped by HDI classification.
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3.3.4
3.3.4.1

Sensitivity Analysis
Direct procedure measurement (Bellwethers)

This model was based on available data from 17 countries. The predicted values for
population access ranged from 56% to 95% (median (IQR): 80% (16%)). Ninety-four
countries were projected to have met the goal, including all very high HDI countries (n=66)
and most of medium HDI countries (n=28) but no low and medium HDI countries (Figure
51-Figure 52).
Using this definition (access to Bellwether procedures, with adjustment for year of data
collection, procedures directly measured), the median estimate for access was 90% (IQR:
6.8%) in very high HDI countries, 80% (3.9%) in high HDI countries, 71% (4.9%) in
medium HDI countries, and 62% (4.9%) in low HDI countries. The HDI significantly
predicted Access (β=0.69, t(14)=3.47, p=0.0038). The HDI also explained a significant
proportion of variance in Access (R2=0.39, F(2,14)=6.03, p=0.013).

Note. HDI = Human Development Index.

Figure 51: Projections of proportion of population with 2-hour access to all three
Bellwether procedures based on HDI and facility data obtained by directly measuring
procedures performed, adjusted for year 2021.
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Figure 52: Status of achieving at least 80% of population with 2-hour access to all three
Bellwether procedures based on HDI and facility data obtained by directly measuring
procedures performed, adjusted for year 2021, grouped by HDI classification.

3.3.4.2

National census (Bellwethers)

Data from 16 countries were included in this model. The projected Indicator 1 were between
24% and 100% (median (IQR): 71% (31%)). Overall, 65 countries were seen to achieve at
least 80% of population with access, all very high HDI countries (n=65), while remaining
124 countries did not (Figure 53-Figure 54).
Using this definition (access to Bellwether procedures, with adjustment for year of data
collection, national census), the median estimate for access was 91% (IQR: 13%) in very
high HDI countries, 71% (7.8%) in high HDI countries, 54% (9.7%) in medium HDI
countries, and 36% (9.7%) in low HDI countries. The HDI significantly predicted Access
(β=0.69, t(55)=6.92, p=5.2E-9) as well as a significant proportion of variance in Access,
(R2=0.45, F(2,55)=23.9, p=3.3E-8).
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Note. HDI = Human Development Index.

Figure 53: Projections of proportion of population with 2-hour access to all three
Bellwether procedures based on HDI and facility data obtained from a national census,
adjusted for year 2021.
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Figure 54: Status of achieving at least 80% of population with 2-hour access to all three
Bellwether procedures based on HDI and facility data obtained from a national census,
adjusted for year 2021, grouped by HDI classification.
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3.3.4.3

Direct measurement & national census (Bellwethers)

Eighteen countries had eligible data for this analysis. The predicted values were from 22%
and 76% (median (IQR): 55% (22%)), suggesting that, by this definition, no countries have
met the goal in this projection (Figure 55-Figure 56).
Using this definition (access to Bellwether procedures, with adjustment for year of data
collection, procedures directly measured, national census), the median estimate for access
was 69% (IQR: 9.5%) in very high HDI countries, 56% (5.5%) in high HDI countries, 43%
(6.3%) in medium HDI countries, and 31% (6.8%) in low HDI countries. The HDI
significantly predicted Access (β=0.85, t(13)=4.95, p=0.00026). The HDI also explained a
significant proportion of variance in Access (R2=0.60, F(2,13)=12.3, p=0.001).

Note. HDI = Human Development Index.

Figure 55: Projections of proportion of population with 2-hour access to all three
Bellwether procedures based on HDI and facility data obtained by directly measuring
procedures performed & from a national census, adjusted for year 2021.
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Figure 56: Status of achieving at least 80% of population with 2-hour access to all three
Bellwether procedures based on HDI and facility data obtained by directly measuring
procedures performed & from a national census, adjusted for year 2021, grouped by
HDI classification.

3.3.4.4

Direct procedure measurement (any surgical proxy)

This model used data spanning 18 countries, and the modelled proportion with access had a
range of 50% to 89% (median (IQR): 74% (16%)) where 47 countries have met this goal, all
from the very high HDI classification (Figure 57-Figure 58). In total, 71% of very high HDI
countries (n=47/66) had achieved at least 80% population access within two hours, whereas,
none of the countries in high, medium, and low HDI countries had achieve this goal.
Using this definition (access to surgical care, with adjustment for year of data collection,
procedures directly measured), the median estimate for access was 84% (IQR: 6.8%) in very
high HDI countries, 74% (3.9%) in high HDI countries, 65% (4.9%) in medium HDI
countries, and 56% (4.9%) in low HDI countries. The HDI significantly predicted Access
(β=0.69, t(15)=3.60 p=0.0026) and explained a significant proportion of variance in outcome
(R2=0.41, F(2,15)=6.82, p=0.0078).
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Note. HDI = Human Development Index.

Figure 57: Projections of proportion of population with 2-hour access to surgery
defined by any proxy variable based on HDI and facility data obtained by directly
measuring procedures performed, adjusted for year 2021.
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Figure 58: Status of achieving at least 80% of population with 2-hour access to surgery
defined by any proxy variable based on HDI and facility data obtained by directly
measuring procedures performed, adjusted for year 2021, grouped by HDI
classification.
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3.3.4.5

National census (any surgical proxy)

Eligible data from 59 countries was included for the projections in this model using the
definition of ‘access to any surgery proxy’ and only national census data. The projected
values were between 31% to 100% (median (IQR): 74% (28%)). Sixty-nine countries met the
goal, all with very high HDI (n=66) or high HDI (n=3) (Figure 59-Figure 60).
Using this definition (access to surgical care, with adjustment for year of data collection,
national census), the median estimate for access was 91% (IQR: 12%) in very high HDI
countries, 74% (7.0%) in high HDI countries, 58% (8.7%) in medium HDI countries, and
42% (8.7%) in low HDI countries. The HDI significantly predicted Access, (β=0.64,
t(61)=6.24, p=4.7E-8). The HDI also explained a significant proportion of variance in Access
(R2=0.37, F(2,61)=19.6, p=2.7E-7).

Note. HDI = Human Development Index.

Figure 59: Projections of proportion of population with 2-hour access to surgery
defined by any proxy variable based on HDI and facility data obtained from a national
census, adjusted for year 2021.
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Figure 60: Status of achieving at least 80% of population with 2-hour access to surgery
defined by any proxy variable based on HDI and facility data obtained from a national
census, adjusted for year 2021, grouped by HDI classification.

3.3.4.6

Direct measurement & national census (any surgical proxy)

Eligible data from 16 countries were included in this model, and the estimated Indicator 1
ranged from 22% to 76% (median (IQR): 55% (22%)), indicating that no country was found
to meet the goal (Figure 61-Figure 62) when limiting the analysis to only direct measurement
of access to any surgery, and national census data.
Using this definition (access to surgical care, with adjustment for year of data collection,
procedures directly measured, national census), the median estimate for access was 69%
(IQR: 9.5%) in very high HDI countries, 56% (5.5%) in high HDI countries, 43% (6.8%) in
medium HDI countries, and 31% (6.8%) in low HDI countries. The HDI significantly
predicted Access (β=0.85, t(13)=4.95, p=0.00026) and explained a significant proportion of
variance in the outcome (R2=0.60, F(2,13)=12.3, p=0.001).
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Note. HDI = Human Development Index.

Figure 61: Projections of proportion of population with 2-hour access to surgery
defined by any proxy variable based on HDI and facility data obtained by directly
measuring procedures performed & from a national census, adjusted for year 2021.

Countries by HDI classification
Low

0

Medium

0

High

0

Very high

0

0

33

37
Goal Met
53

Goal Unmet
66

10

20

30

40

50

60

70

Number of countries

Note. HDI = Human Development Index.

Figure 62: Status of achieving at least 80% of population with 2-hour access to surgery
defined by any proxy variable based on HDI and facility data obtained by directly
measuring procedures performed & from a national census, adjusted for year 2021,
grouped by HDI classification.
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3.4

Discussion

This study represents the most comprehensive review on research studies reporting access to
timely essential surgery to date and is the first attempt at modelling the proportion of
population with 2-hour surgical access for all countries and territories worldwide.
Using regression of the relationship between HDI and Access, we projected that 95% of
countries worldwide have achieved the 80% threshold for population access to essential
surgery (n=179). Once we adjusted our model to account for the differences in the years of
data collection, only 25% of countries in the world (n=47) had at least 80% coverage of
population with timely surgical access, all from the very high HDI classification. The overall
median of Indicator 1 decreased from 87% (IQR: 5.4%) to 77% (7.3%) when collection year
was included in the regression model and the largest reduction was seen in the low HDI
group with the median of 81% (1.0%) from the unadjusted model dropping to 69% (2.3%) in
the adjusted model. The substantial reduction in the number of goal-achieving countries after
adjusting for year may be explained by the fact that more recent publications refined their
definition of surgery capable facilities and avoided general assumptions that may have
attributed to overestimation of indicator in lower HDI countries in the past. Adjusting for
collection year showed HDI to be a significant predictor of Indicator 1 (β=0.25, t(105)=2.52,
p=0.013) as opposed to the non-significant results seen in the unadjusted model (β =0.19,
t(206)=1.96, p=0.053).
Additional statistical analyses were conducted to estimate Indicator 1 with changes to
variable definitions. Projecting a country’s proportion with access based on IHDI, which
considers the unequal distribution of opportunities among the population, revealed that fewer
countries (n=41) in the world have reached the 80% threshold compared to the primary
analysis (n=47); however, the medians of the estimates across the four HDI classifications
did not change drastically. The lack of discrepancy between IHDI and HDI as predictor of
Access suggests that deriving our projections based on HDI is sufficient and the subsequent
analyses did not require further adjustments to account for the varying levels of inequality for
each country. Meanwhile, broadening the definition of surgical access using any proxy
variable that may indirectly reflect access to Bellwether procedures led to the projection that
76% of countries (n=143/189) around the world have surpassed the threshold, which is vastly
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larger than the number projected by our primary analysis (n=47). The overall median of
predicted values was higher than that of the primary analysis (85% (IQR: 7.5%) vs. 77%
(7.3%), respectively). A statistically significant and positive relationship between the
predictor and outcome was found consistently in our secondary analyses.
Subgroup analyses by WHO region, WB income group, and HDI classification showed 45%
(n=85/189), 58% (n=109/189), and 45% (n=85/189) of goal-met countries around the world,
respectively. The subgroup analysis by WHO region was the only analysis type that showed
low HDI countries to have the highest median of Indicator 1 (89% (IQR: 0.65%)) compared
to that of any other HDI classification. This unexpected result may be explained by our use
of data from a geospatial mapping study of 47 sub-Saharan countries that relied on the
assumption that all district and regional hospitals can provide the Bellwether procedures,
which yielded high estimates of Indicator 1 ranging from 63% to 100% (median (IQR): 96%
(9.8%)) (97). The broad definition used to identify Bellwether capable facilities in this study
may have led to an overestimation of Indicator 1 that has consequently inflated our predicted
values for low HDI countries when these African countries, whose HDI ranking are
predominantly low, were grouped together. This unexpected relationship between HDI and
Access in the African countries was also reflected in the negative regression coefficient of
the model (β =-0.039, t(50)= -0.26, p=0.79) whereby low HDI predicted high Access; and the
subgroup’s negative coefficient of variation also indicated that it was not suitable to make
projections based on the regression of the relationship between HDI and Access. The sample
size of countries with reported data varied greatly between the WHO region subgroups, from
the South-East Asian region having only two countries with available data points to the
African region having 45 countries. In both subgroup analyses by WB income group and by
HDI classification, medium HDI countries reported a median of 100% in Access even though
the overall medians of the predicted values were considerably different between the two
analyses (91% (IQR: 33%) in WB income subgroup analysis vs. 80% (16%) in HDI
subgroup analysis). The results obtained from grouping the countries based on their HDI
classification may be more reliable than grouping them by income status alone since a
country’s HDI value is calculated based on income as well other vital factors (i.e., health,
education) and thus may be a better reflection of their level of development. While some
subgroup regression results suggested a negative relationship between HDI and Access, none
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of these negative regression coefficients found across the subgroups were statistically
significant.
Sensitivity analyses were conducted to address robustness across the varied assumptions and
definitions used to determine surgical access in our collection of data. When limiting the
analysis to data that directly measured a facility’s capacity to perform all three Bellwether
procedures (i.e., direct procedure measurement) instead of making any assumptions based on
the infrastructure, staffing, or level of the facility, results indicated that all very high HDI
countries (n=66) and over half of all high HDI countries (n=28/53) had achieved the goal of
80% of population with 2-hour access to the Bellwether procedures, while none from the low
and medium HDI classifications met this goal. Compared to the primary analysis, the
medians of Indicator 1 in low and medium HDI classifications were lower in this sensitivity
analysis while medians in high and very high HDI classifications were higher. When
restricting data points derived from all available Bellwether capable facilities in a country
(i.e., national census) and not from a sample of facilities, the number of countries that had at
least 80% of population with Bellwether access was higher than that of the primary analysis;
although the overall median of estimates was lower because the medians in low, medium,
and high HDI classifications dropped substantially. Further criteria restriction to data
obtained using direct measurements of procedures as well as national censuses (i.e., direct
measurement & national census) yielded results that no countries have met the 2030 goal and
all four HDI classifications had much lower medians of the predicted values than those
reported in the primary analysis. When repeating these three sensitivity analyses but relying
on any surgical proxy variable, and not necessarily the Bellwether procedures, we noted
similar trends of Access decreasing particularly in lower HDI countries regardless of any
increases in the number of goal-met countries when compared to the primary analysis. The
HDI was a significant predictor of Access, holding data collection year constant, in all six
sensitivity analyses conducted and explained a significant proportion of variance in outcome.
The global projections made in our 13 statistical models were not consistent but were highly
dependent on the type of analysis conducted and the definition of variables used to record
facility data. Our findings highlight a high level of heterogeneity in the measurement
methods used to quantify a single indicator. The LCoGS clearly outlined that the availability
of the Bellwether procedures should be used as proxy for essential surgery; however, there
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are still studies that rely on other surgical definition proxies which may lead to misleading
results. Esquivel et al. (147) showed that while 85% of population was shown to have access
to a surgery capable facility defined by the level of hospital (level 1 or higher), restricting to
facilities that perform all three Bellwether procedures drastically reduced the estimate to
19%. Our secondary analysis of predicting Indicator 1 based on data that identified surgery
capable facilities by any proxy variable suggested that, by this permissive definition, a vast
majority of countries (n=143) worldwide has already achieved the recommended goal of 80%
of the population with 2-hour access to surgery with an increase in the overall median of
predicted Access across all four HDI classifications, suggesting that this crude definition of
surgical access likely overestimates the reality of access to essential surgical procedures.
Even though we were able to obtain Bellwether-specific data for 91 countries to extrapolate
from, the definitions used to identify Bellwether capable facilities still varied. Juran et al.
(97) conducted geospatial analysis of 47 sub-Saharan countries assuming all district and
regional hospitals had the capacity to perform the Bellwether procedures. Data derived from
this study was a significant contributor of our overall dataset, with 87% of the included
countries (n=41/47) estimated to have greater or equal to 80% of population with timely
access to the Bellwether procedures. The authors acknowledged that if the actual surgical
infrastructural and workforces were considered in defining Bellwether capacity, then no subSaharan countries would have in reality met the recommended threshold (97). Our first
sensitivity analysis of restricting data points that directly measured a facility’s capacity to
provide the three Bellwether procedures (i.e., direct procedure measurement) revealed that
while more countries are projected to have met the 80% threshold, low and medium HDI
countries had lower predicted values of Indicator 1 than originally assumed in the primary
analysis. Further restricting the criteria of this sensitivity analysis to set of data points
obtained from national censuses as well (i.e., direct measurement & national census) showed
much lower level of Access in all HDI classifications, especially in low HDI countries where
the median of the predicted values was halved from that of the first sensitivity analysis.
Analyzing available data using stringent criteria for methods used to collect the data showed
that countries may face lower level of surgical access than our primary analysis has
projected, particularly those belonging to lower HDI classifications.
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Using levels of healthcare as a proxy for surgical capacity may also lead to an
underestimation of Indicator 1 since facilities belonging to any level may provide more
advanced services through resourceful means such as task-sharing. Studies have consistently
showed that surgical facilities in LMICs are often staffed by non-surgeons that perform a
high volume of surgery (84,91,183–185). Non-physician clinicians or medical officers are
critical in providing surgery that would otherwise not be available for rural populations,
especially in lower HDI countries (186). The use of broad assumptions when defining
Bellwether capable facilities would lead to an inaccurate calculation of the proportion of
population with access to essential surgery, where an overestimation may further neglect the
isolated populations without access and an underestimation may lead to misallocation of
resources.
Our study showed that the varied assumptions used to obtain facility data had significant
effects on the estimates produced by each statistical model. In our sensitivity analyses where
we made projections based on data that relied on directly measuring the Bellwether
procedures at each facility, our model became limited to data to 15 countries and not all HDI
groups were fairly represented. The sparseness of available data heightens the difficulty in
determining which statistical model is closest to the truth. Our findings illuminate the
importance of standardizing methods in the definitions used when collecting data, in that
situational analyses are encouraged to align with the LCoGS recommendation of using the
Bellwether procedures as proxy for essential surgery and be more wary of the assumptions
used to collect facility data. A unified method in collecting, consolidating, and analyzing any
core indicator is required to maximize the comparability and utility of the measurements.
Our scoping review in the previous chapter revealed that research studies conducted in
response to the LCoGS in 2015 most commonly focused on LMICs. This resulted in skewed
availability of data along the HDI scale. The LCoGS emphasized the vulnerability of LMICs
in lacking access to safe, timely, and affordable SOA care and urged the global community to
direct their attention and investments in scaling up basic surgical services in limited
resources settings (5). While this is a justified suggestion, it has led to a disparity of available
evidence in making global projections. Our attempts to ensure a fair distribution of countries
across the four HDI classifications using additional geospatial analyses reduced the
discrepancy in countries per HDI group; however, low HDI countries still contributed more
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data than any other HDI stratum. This study remains the only attempt at estimating
proportion of access to essential surgery for all countries worldwide and should inform future
studies in this area to address remaining data gaps and definitional deficiencies.
In our geospatial model aimed to add greater number of high to very high HDI countries in
the overall dataset, we made the assumption that people living in urbanized regions had 2hour access to the Bellwether procedures so the analysis was only conducted for rural
regions. This assumption was based on evidence that areas with higher population density
were correlated with areas recognized to have timely access to advanced-level hospital care
(187). Accessing surgery is highly spatially dependent as the distribution of surgical services
is not equal but rather centered in few areas, most likely coinciding with high population
density or urbanized regions (65,79). This theme of urbanized regions having timely access
to surgery is prevalent across all levels of country development (188), so our geospatial
analyses are well founded and we can assume that the nature of this indicator inherently
reflects this theme of urban and rural disparity.
Patients often face delays in arriving at a hospital arising from factors such as district of
residence, referral system, and income status (152,189,190). This study is limited in that it
does not incorporate the differences in households that own private cars or afford other forms
of public or private transportation (143,189). Other geospatial models have accounted for this
deficit and may offer greater insight into the realities of timely access to surgery (149).
Another possible limitation of the study may arise from the fact that we did not consider
health facilities labelled as “clinics” or “health centres” when collecting de novo data on
possible Bellwether capable hospitals as they were assumed not to provide any surgical
procedures. Surgical services are often offered in primary healthcare facilities especially in
lower HDI countries and rural regions that would not have those services otherwise
(155,186); so the Indicator 1 estimates obtained from the de novo geospatial analysis may be
conservative.
In future statistical models with similar motives as ours, other key co-variates including SOA
density and patient-level data (age, gender, household income) are suggested to be included
to explore their roles in timely access. The sparseness and heterogeneity in data limited our
interpretations of the results. Greater effort must be placed in generating more data while
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ensuring the comparability and quality of data. This study is the first attempt at making use
of the existing data to create modeled estimates for regions without any available
information. Research showed that very few facility assessments are utilized or followed up
on in future research (49). Not only do we urge more countries to take part in sharing their
data, but also direct our attention to utilizing the data in innovative ways to enrich our
understanding of the unmet need for surgery.

3.5

Conclusion

The predicted values of Indicator 1 in our 13 statistical models were not consistent and
showed dependency on the type of analysis conducted and assumptions used to define
essential surgery. Our results emphasize a high level of heterogeneity in the definitions and
methods used to measure the indicator. Further efforts in quantifying Access should adhere to
the LCoGS recommendation of using the availability of Bellwether procedures as proxy for
essential surgery and avoid relying on other surgical definition proxies that often result in
misleading results.
While this analysis focused on access to essential surgery (Indicator 1) alone, the full benefit
of the core indicators is earned when they are used and interpreted together (access,
workforce, volume, mortality, and financial risk) since no single indicator adequately
captures the state of surgical and anaesthesia care. We encourage future studies in
consolidating all available research on the core indicators and benchmarking the global
process toward the 2030 goal. Reporting and maintaining accessible, comparable, and
utilizable data will ensure the accountability of political bodies to take action and advocate
for health equity.
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Chapter 4

4

Integrated Summary & Conclusions
4.1

Summary of Findings

Conditions that could be addressed through adequate access to surgical, obstetric, and
anaesthesia (SOA) care account for almost one-third of global burden of disease; however, a
significant proportion of the global population lacks access to safe, timely, and affordable
SOA services with a disproportionate impact in low- and middle-income countries (LMICs)
(1,5). The prioritization of surgery in the global health agenda was bolstered in the year 2015
with the passing of the World Health Assembly (WHA) resolution 68.15 that mandated
countries to strengthen their national surgical systems along with the integration of SOA care
in over half of the United Nations’ (UN) renewed 8 Sustainable Development Goals (SDGs)
(8,10). Surgical access is recognized as an integral component in achieving universal health
coverage by year 2030 facilitated by the National, Surgical, Obstetric and Anaesthesia Plan
(NSOAP) framework (16). The World Health Organization (WHO) has outlined that
situational analyses of national surgical systems is the critical first step in achieving the timebound goals (16).
The number of studies dedicated to conducting and evaluating situational analyses is steadily
growing. We found 138 publications from our systematic search of studies in response to the
emergence of global surgery in 2015. Our review included publications from 84 countries,
however, there were review articles that did not fully list their studied countries so data may
be available for more countries. Most of the studied countries had low Human Development
Index (HDI), while less data was identified for very high HDI countries. This trend aligns
with continued international efforts in bridging the gap between lower and higher income
countries. A disproportional burden of preventable deaths occurs in LMICs, and the
availability of data aligns with this need for further research. Interestingly, while low HDI
countries had the greatest number of individual studies attempting to measure the state of
national surgical system, there was only one country from low HDI country with all six
indicators reported in a single study. This disconnect of the availability and consolidation of
data was also apparent in the measurement of access to timely surgery. Access to timely
surgery is the first of the six core indicators proposed by the Lancet of Global Surgery
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(LCoGS) that measures the preparedness of surgical systems through the calculation of
proportion of population with 2-hour access to a facility that can provide the Bellwether
procedures. Our review revealed that access to timely surgery, or Indicator 1, was the most
quantified indicator out of the six and most likely to adhere to the LCoGS definition of data
elements (e.g., use of Bellwether procedures as proxy for surgical capacity, use of 2-hour
threshold to define timeliness); however, it was also the least quantified indicator in review
articles. Collecting, aggregating, and reporting data are crucial in maximizing the utility of
available indicators as they reveal the magnitude and directionality of evidence.
Our geospatial modelling study attempted to address this gap, as we conducted a
comprehensive review of the available evidence for timely access to surgery and utilized the
collected data in projecting Indicator 1 (Access) for countries and territories worldwide. Of
the 13 types of projections made, varying on definitions of the included variables and
analysis types, the proportion of countries around the world that have already achieved the
2030 goal ranged from 0% to 95% and the medians of the projected Indicator 1 ranging from
55% (IQR: 22%) to 91% (33%) across the analyses. The primary analysis showed that 25%
of countries around the world (n=47/189) has met the 2030 goal and HDI was a significant
predictor of Access when collection year was included in the regression model. Using IHDI
to predict Access in our secondary analysis showed that while the number of countries that
met the 80% threshold decreased, the medians of the predicted values across the four HDI
classifications had minimal changes compared to the projections made using HDI. This
suggested that HDI is a sufficient predictor of Access for our remaining analyses. In our next
secondary analysis, we found that using any surgical proxy that was not necessarily the
Commission’s recommended use of the Bellwether procedures estimated one of the highest
proportions of goal-met countries compared to any of the other statistical models, and a
notable increase in the predicted values was seen in all four HDI classifications. This finding
indicated that straying away from the LCoGS definition may overestimate the calculation of
Indicator 1 across countries belonging to any HDI group. Our subgroup analyses by WHO
region, WB income group, and HDI classification all showed more goal-meeting countries,
but low HDI countries had substantially lower values of Indicator 1 compared to the primary
analysis, except for subgroup analysis by WHO region. Our regression results were
inconsistent in that some subgroups showed a negative relationship between HDI and
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Access; however, these results were not statistically significant. Sensitivity analysis using
data that has followed the LCoGS definition most closely revealed that half of countries
around the world have accomplished the international target, all from very high and high
HDI countries; but low and medium HDI countries showed lower values of Access compared
to the results from our primary analysis. Imposing further restrictions to include data points
derived from national censuses showed even lower level of Access in countries of all HDI
classifications, particularly low HDI countries. Similar trends were seen when repeating the
sensitivity analyses using data points not following the Commission’s recommendation of
using Bellwether procedures as proxy for essential surgery. Although these projections were
extrapolated from a very small number of countries, which also highlights the paucity of data
that used consistent methodology, countries with lower HDI may be at a higher risk of
inadequate surgical access than what we predicted in the primary analysis using data derived
from variable definitions and assumptions.

4.2

Implications

The surgical burden of disease in LMICs is responsible for the loss of 400 million disabilityadjusted life years (DALYs) per year, surpassing the sum of DALYs for other burden of
diseases including malaria, tuberculosis, and human immunodeficiency virus (HIV) (4,5).
Scale up of basic surgical services was projected to reduce 3.5% of total number of DALYs.
Despite the clear evidence of surgery’s role in averting substantial number of life years lost,
national spending dedicated to provision of surgical care is low and not reflective of the
needs of the population (191–193). The LCoGS asserted that investing in surgical services is
affordable, saves lives, and promotes economic growth (5). An investment of US$300 billion
(or $16 billion annually) to expand surgical services between 2021 and 2030 would result in
significant economic returns in both improved life expectancy and national income (5). It
was revealed that without proper investment in expansion of services, surgical conditions
would account for a cumulative loss to the global economy of $21 trillion between 2015 and
2030 (5). The expected economic return from fiscally investing in surgery is encouraging and
further reinforces the indispensable role of SOA care in health care delivery.
Continuous generation of data as well as efforts to report them in meaningful analyses and
reports are integral in informing the world that there is an unmet need for surgical access.
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Research is critical in raising awareness of the gap in our health care system and ultimately
improving outcomes. Academic and professional entities should take the lead in research and
establishing frameworks to tracking metrics and openly reviewing their measurements to
guide government bodies in their planning and management of national health care systems.
Situational analyses help navigate the strengths and weaknesses of a country’s surgical
system and ultimately serve as a baseline assessment tool that can guide necessary policy
changes. They can also facilitate mapping priorities around context-specific health situations
while considering the consequences of inequitable access to essential services (5). Collecting,
compiling, and analyzing the available data on the LCoGS indicators provide insight on the
state of a health system and highlight the deficits that require closer attention and investment
from key stakeholders.
The process of quantifying the indicators entails comprehensive and analytic approaches that
requires the participation of figures from all levels of a health system. Situational analyses
using the core global SOA indicators must be enforced at a national level so the data can be
effectively generated at the facility level and collated to produce nationally representative
data. Enabling ownership in facilities to collect and use their own data for quality
assessments is often overlooked in situational analyses; however, it is equally important for
local surgical teams to take it upon themselves to evaluate their performance, improve
coordination within and between facilities (60). The synthesized results must also be
appraised at the national level for evidence-based policy making. This bilateral chain of
action along the levels of governance demands keen interest from all parties involved as well
as accountability in leadership (16). The public is also encouraged to partake in the process to
reflect the real demands of the people and ensure transparency of the country’s planning of
health policies. The sparse data on the safe, timely, and affordable surgical services can only
be solved through initiatives in continuously monitoring and evaluating systems in place
using the core indicators.
Our study both utilized and contributed to the existing data and created broad trajectories of
each country’s achievements toward universal access to surgery. This study attempts to
collate available information of one indicator that measures the preparedness of a surgical
system and brings to attention specific geographic regions that require basic surgical scaleups while warning against the use of broad definitions when collecting data. The utility of
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this information will be enhanced once the remaining core global surgery indicators are all
collected, consolidated, and analyzed together, to allow interrelationships between access,
workforce, volume, mortality, and financial risk to be examined. Even with improved
Access, the availability of care (measured by Volume and Workforce), ability to pay and
afford care in countries where publicly funded healthcare does not cover essential surgery (as
informed by the Financial Risk Protection (FRP)), and safe surgical conditions (indicated by
POMR) are essential in fully evaluating overall state of a surgical system. These indicators
must be collected and interpreted in context of one another to assess the types of obstacles
patients face when accessing essential surgical care. While the WB included four of the core
indicators (Volume, Workforce, FRP) in their World Development Indicators (WDIs), there
has yet to be a central location with regularly updated information on all six core indicators
which may be useful in providing the evolving context across all indicators and display how
they are interdependent.

4.3

Future Directions

We recommend the creation of a centralized database that is open to contributors at every
level of healthcare who can submit their own facility-level information that could be entered
in a geospatial model similar to ours and would allow proportion of population with 2-hour
access to Bellwether services to be frequently updated. In addition to projecting Indicator 1
per country, this database could map out the locations of all Bellwether capable hospitals to
help visualize the population that has access to the sites as well as those that do not. This
process could be instrumental for governments to determine which hospitals to target for
appropriate surgical scale-ups that would yield the biggest expansion of coverage. The
locations of these Bellwether capable facilities and the proportion of the population that they
serve can also become more meaningful if we pinpoint the characteristics of the population
particularly isolated and vulnerable, then create tailored initiatives to accommodate their
needs. We should explore methods to incorporate the degrees of inequity in healthcare access
at a sub-national level.

4.4

Conclusion

While there is a growing number of published studies quantifying the core indicators in
response to the LCoGS in 2015, there have been few attempts to comprehensively analyze
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access to surgery at a national or global level. Our de novo geospatial analysis and statistical
modeling to quantify access to surgery for all countries worldwide showed that estimates
were highly dependent on the types of analysis conducted and assumptions used to define
essential surgery. The high level of heterogeneity in methods used to collect facility-level
data during situational analyses most likely contributed to this variability in the modelled
estimates, highlighting the need to develop a standardized method in collecting such data and
thus preserving the comparability and utility of Indicator 1.
We urge members of all levels in healthcare to take helm in conducting and reporting
situational analyses, and to contribute in the efforts to consolidate the findings for future
directions. It has been six years since global surgery has been named as a prioritized
component of universal healthcare by the WHO; and with less than a decade left until 2030,
we must move forward in translating what we know and planning future work appropriately.
Ultimately, this research serves to be policy-relevant and context-relevant, to strengthen the
preparedness of international surgical systems to reduce preventable mortality and to achieve
equitable access to surgery.
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Appendix
Appendix 1: Refined definitions of the Lancet Commission on Global Surgery core
indicators.
Indicator

LCoGS definition
Proportion of the population that can
access, within two hours, a facility
that can do caesarean delivery,
laparotomy, and treatment of open
fracture (the Bellwether procedures)

Utstein revised definition
Proportion of a country’s population
with geographic access (within two
hours) to a facility capable of
Geospatial
providing surgical and anaesthesia
access
care for the Bellwether procedures
(caesarean section, laparotomy, and
surgical management of open long
bone fracture)
Number of specialist surgical,
Number of each of surgery,
obstetric, and anaesthetic physicians obstetric, or anaesthesia providers
Workforce
who are working per 100 000
who are actively practicing, per 100
population.
000 population
Number of procedures done in an
Number of surgical procedures done
operating theatre, per 100 000
in an operating theatre using any
Volume
population per year
form of
Anaesthesia, per 100,000 population
per year
All-cause death rate before discharge Deaths from all causes, before
in patients who have undergone a
discharge (up to 30 days), in all
procedure in an operating theatre
patients who have received any
Perioperative
using any form of anaesthesia,
anaesthesia for a procedure done in
mortality rate
divided by the total number of
an operating theatre, divided by the
procedures, presented as a
total number of procedures, per
percentage, per year
year, expressed as a percentage
Financial Risk Protection: “Risk of
Percentage of the population at risk
Financial risk
Catastrophic Expenditure from
of catastrophic expenditure if they
protection
Surgical Care”
were to require a surgical procedure
Note. LCoGS = Lancet Commission on Global Surgery. Adapted from Davies et al. (14).

Appendix 2: Preferred Reporting Items for Systematic reviews and Meta-analyses
extension for Scoping Reviews (PRISMA-ScR) Checklist.
Section
Title
Title
Abstract
Structured
summary

Item PRISMA-ScR Checklist Item

Reported
on Page #

1

Identify the report as a scoping review.

10

2

Provide a structured summary that includes (as
applicable): background, objectives, eligibility criteria,
sources of evidence, charting methods, results, and

NA
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conclusions that relate to the review questions and
objectives.
Introduction
Rationale

3

Objectives

4

Methods
Protocol and
registration

5

Eligibility criteria

6

Information
sources

7

Search

8

Selection of
sources of
evidence
Data charting
process

9

Data items

Critical appraisal
of individual
sources of
evidence
Synthesis of
results
Results

10

11

12

13

Describe the rationale for the review in the context of
what is already known. Explain why the review
questions/objectives lend themselves to a scoping
review approach.
Provide an explicit statement of the questions and
objectives being addressed with reference to their key
elements (e.g., population or participants, concepts,
and context) or other relevant key elements used to
conceptualize the review questions and/or objectives.

10-11

Indicate whether a review protocol exists; state if and
where it can be accessed (e.g., a Web address); and if
available, provide registration information, including
the registration number.
Specify characteristics of the sources of evidence used
as eligibility criteria (e.g., years considered, language,
and publication status), and provide a rationale.
Describe all information sources in the search (e.g.,
databases with dates of coverage and contact with
authors to identify additional sources), as well as the
date the most recent search was executed.
Present the full electronic search strategy for at least
1 database, including any limits used, such that it
could be repeated.
State the process for selecting sources of evidence
(i.e., screening and eligibility) included in the scoping
review.
Describe the methods of charting data from the
included sources of evidence (e.g., calibrated forms or
forms that have been tested by the team before their
use, and whether data charting was done
independently or in duplicate) and any processes for
obtaining and confirming data from investigators.
List and define all variables for which data were
sought and any assumptions and simplifications
made.
If done, provide a rationale for conducting a critical
appraisal of included sources of evidence; describe
the methods used and how this information was used
in any data synthesis (if appropriate).
Describe the methods of handling and summarizing
the data that were charted.

11

11

12

12

12-13

13

13

13

NA

13
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Selection of
sources of
evidence

14

Characteristics of
sources of
evidence
Critical appraisal
within sources of
evidence
Results of
individual sources
of evidence
Synthesis of
results
Discussion
Summary of
evidence

Limitations
Conclusions

Funding
Funding

15

16

17

18

19

20
21

Give numbers of sources of evidence screened,
assessed for eligibility, and included in the review,
with reasons for exclusions at each stage, ideally using
a flow diagram.
For each source of evidence, present characteristics
for which data were charted and provide the
citations.
If done, present data on critical appraisal of included
sources of evidence (see item 12).

15-16

15-22

NA

For each included source of evidence, present the
15-36
relevant data that were charted that relate to the
review questions and objectives.
Summarize and/or present the charting results as they 15-36
relate to the review questions and objectives.
Summarize the main results (including an overview of
concepts, themes, and types of evidence available),
link to the review questions and objectives, and
consider the relevance to key groups.
Discuss the limitations of the scoping review process.
Provide a general interpretation of the results with
respect to the review questions and objectives, as
well as potential implications and/or next steps.

36-39

39
39

22

Describe sources of funding for the included sources
NA
of evidence, as well as sources of funding for the
scoping review. Describe the role of the funders of the
scoping review.
Note. JBI = Joanna Briggs Institute. PRISMA-ScR = Preferred Reporting Items for Systematic
reviews and Meta-Analyses extension for Scoping Reviews. Adapted from Tricco et al. (17).

Appendix 3: Search strategy used to retrieve the records.
#
1
2
3
4
5
6
7
8

Search
("Lancet Commission" adj7 surg*).mp.
"Global Surgery 2030".ti,ab.
lcogs.ti,ab.
"National Surgical Obstetric and Anesthesia Plan*".ti,ab.
"National Surgical Obstetric and Anaesthesia Plan*".ti,ab.
nsoap*.ti,ab.
((global or world*) adj3 (surger* or surgical*) adj7 (indicator* or metric*)).mp.
(geospatial* adj7 (Bellwether* or an?esth* or peri-an?esth* or perian?esth* or postan?esth* or postan?esth* or surgery or surgical or surgeries or surgically or postsurg* or
post-surg* or perisurg* or peri-surg* or operation* or operating or operativ* or
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9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

operated or intraoperat* or intra-operat* or postoperat* or post-operat* or perioperat*
or peri-operat*)).mp.
or/1-8
Bellwether* adj5 procedure*.mp.
"essential surgery".ti,ab.
"global surgery".ti,ab.
or/10-12
pomr.mp.
"perioperative mortality".ti,ab.
"postoperative mortality".ti,ab.
((access* or referral*) adj3 timely).ti,ab.
((access* or referral*) adj3 (("2" or two) adj hour*)).mp.
(readiness adj5 (facility or facilities)).mp.
"Situational Analysis to Assess Emergency and Essential Surgical Care".ti,ab.
"Service Availability and Readiness Assessment".ti,ab.
"Service Provision Assessment".ti,ab.
(SAT or SARA or SPA).ti,ab.
((access or availability) adj2 ("blood suppl*" or "blood bank*")).mp.
(surgical adj3 workforce).ti,ab.
"surgical volume*".ti,ab.
"surgical capacity".ti,ab.
or/14-27
13 and 28
9 or 29
limit 30 to yr="2015 - 2022"

Appendix 4: WHO member states per WHO region.
WHO African Region:
Algeria
Angola
Benin
Botswana
Burkina Faso
Burundi
Cabo Verde
Cameroon
Central African Republic
Chad
Comoros
Congo
Côte d’Ivoire
Democratic Republic of the
Congo
Equatorial Guinea
Eritrea
Eswatini

WHO Region of the Americas:
Antigua and Barbuda
Argentina
Bahamas
Barbados
Belize
Bolivia (Plurinational State of)
Brazil
Canada
Chile
Colombia
Costa Rica
Cuba
Dominica
Dominican Republic
Ecuador
El Salvador
Grenada
Guatemala

WHO South-East Asia Region:
Bangladesh
Bhutan
Democratic People’s Republic
of Korea
India
Indonesia
Maldives
Myanmar
Nepal
Sri Lanka
Thailand
Timor-Leste
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Ethiopia
Gabon
Gambia
Ghana
Guinea
Guinea-Bissau
Kenya
Lesotho
Liberia
Madagascar
Malawi
Mali
Mauritania
Mauritius
Mozambique
Namibia
Niger
Nigeria
Rwanda
Sao Tome and Principe
Senegal
Seychelles
Sierra Leone
South Africa
South Sudan
Togo
Uganda
United Republic of Tanzania
Zambia
Zimbabwe
WHO European Region:
Albania
Andorra
Armenia
Austria
Azerbaijan
Belarus
Belgium
Bosnia and Herzegovina
Bulgaria
Croatia
Cyprus
Czechia
Denmark
Estonia
Finland
France
Georgia
Germany

Guyana
Haiti
Honduras
Jamaica
Mexico
Nicaragua
Panama
Paraguay
Peru
Saint Kitts and Nevis
Saint Lucia
Saint Vincent and the
Grenadines
Suriname
Trinidad and Tobago
the United States of America
Uruguay
Venezuela (Bolivarian Republic
of)

WHO Eastern Mediterranean
Region:
Afghanistan
Bahrain
Djibouti
Egypt
Iran (Islamic Republic of)
Iraq
Jordan
Kuwait
Lebanon
Libya
Morocco
Oman
Pakistan
Qatar
Saudi Arabia
Somalia
Sudan

WHO Western Pacific Region:
Australia
Brunei Darussalam
Cambodia
China
Cook Islands
Fiji
Japan
Kiribati
Lao
People’s Democratic Republic
Malaysia
Marshall Islands
Micronesia (Federated States
of)
Mongolia
Nauru
New
Zealand
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Greece
Syrian Arab Republic
Hungary
Tunisia
Iceland
United Arab Emirates
Ireland
Yemen
Israel
Italy
Kazakhstan
Kyrgyzstan
Latvia
Lithuania
Luxembourg
Malta
Monaco
Montenegro
Netherlands
North Macedonia
Norway
Poland
Portugal
Republic of Moldova
Romania
Russian Federation
San Marino
Serbia
Slovakia
Slovenia
Spain
Sweden
Switzerland
Tajikistan
Turkey
Turkmenistan
Ukraine
United Kingdom of Great
Britain and Northern Ireland
Uzbekistan
Note. WHO = World Health Organization. Adapted from (194).

Niue
Palau
Papua New Guinea
Philippines
Republic of Korea
Samoa
Singapore
Solomon Islands
Tonga
Tuvalu
Vanuatu
Viet Nam

Appendix 5: WHO member states per WB income group.
High Income Group:
Andorra
Antigua and Barbuda
Aruba
Australia
Austria
Bahamas, The

Upper-Middle Income Group:
Albania
American Samoa
Argentina
Armenia
Azerbaijan
Belarus
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Bahrain
Barbados
Belgium
Bermuda
British Virgin Islands
Brunei Darussalam
Canada
Cayman Islands
Channel Islands
Chile
Croatia
Curaçao
Cyprus
Czech Republic
Denmark
Estonia
Faroe Islands
Finland
France
French Polynesia
Germany
Gibraltar
Greece
Greenland
Guam
Hong Kong SAR, China
Hungary
Iceland
Ireland
Isle of Man
Israel
Italy
Japan
Korea, Rep.
Kuwait
Latvia
Liechtenstein
Lithuania
Luxembourg
Macao SAR, China
Malta
Mauritius
Monaco
Nauru
Netherlands
New Caledonia
New Zealand
Northern Mariana Islands
Norway

Belize
Bosnia and Herzegovina
Botswana
Brazil
Bulgaria
China
Colombia
Costa Rica
Cuba
Dominica
Dominican Republic
Ecuador
Equatorial Guinea
Fiji
Gabon
Georgia
Grenada
Guatemala
Guyana
Indonesia
Iran, Islamic Rep.
Iraq
Jamaica
Jordan
Kazakhstan
Kosovo
Lebanon
Libya
Malaysia
Maldives
Marshall Islands
Mexico
Montenegro
Namibia
North Macedonia
Paraguay
Peru
Russian Federation
Samoa
Serbia
South Africa
St. Lucia
St. Vincent and the Grenadines
Suriname
Thailand
Tonga
Turkey
Turkmenistan
Tuvalu
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Oman
Palau
Panama
Poland
Portugal
Puerto Rico
Qatar
Romania
San Marino
Saudi Arabia
Seychelles
Singapore
Sint Maarten (Dutch part)
Slovak Republic
Slovenia
Spain
St. Kitts and Nevis
St. Martin (French part)
Sweden
Switzerland
Taiwan, China
Trinidad and Tobago
Turks and Caicos Islands
United Arab Emirates
United Kingdom
United States
Uruguay
Virgin Islands (U.S.)
Lower-Middle Income Group:
Algeria
Angola
Bangladesh
Benin
Bhutan
Bolivia
Cabo Verde
Cambodia
Cameroon
Comoros
Congo, Rep.
Côte d'Ivoire
Djibouti
Egypt, Arab Rep.
El Salvador
Eswatini
Ghana
Honduras
India
Kenya

Venezuela, RB

Low Income Group:
Afghanistan
Burkina Faso
Burundi
Central African Republic
Chad
Congo, Dem. Rep.
Eritrea
Ethiopia
Gambia, The
Guinea
Guinea-Bissau
Haiti
Korea, Dem. People's Rep.
Liberia
Madagascar
Malawi
Mali
Mozambique
Niger
Rwanda
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Kiribati
Sierra Leone
Kyrgyz Republic
Somalia
Lao PDR
South Sudan
Lesotho
Sudan
Mauritania
Syrian Arab Republic
Micronesia, Fed. Sts.
Tajikistan
Moldova
Togo
Mongolia
Uganda
Morocco
Yemen, Rep.
Myanmar
Nepal
Nicaragua
Nigeria
Pakistan
Papua New Guinea
Philippines
São Tomé and Principe
Senegal
Solomon Islands
Sri Lanka
Tanzania
Timor-Leste
Tunisia
Ukraine
Uzbekistan
Vanuatu
Vietnam
West Bank and Gaza
Zambia
Zimbabwe
Note. WHO = World Health Organization. WB = World Bank. Adapted from (195).

Appendix 6: WHO member states per HDI classification.
Very High HDI:
Andorra
Argentina
Australia
Austria
Bahamas
Bahrain
Barbados
Belarus
Belgium
Brunei Darussalam
Bulgaria
Canada

High HDI:
Albania
Algeria
Antigua and Barbuda
Armenia
Azerbaijan
Belize
Bolivia (Plurinational State of)
Bosnia and Herzegovina
Botswana
Brazil
China
Colombia
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Chile
Costa Rica
Croatia
Cyprus
Czechia
Denmark
Estonia
Finland
France
Georgia
Germany
Greece
Hong Kong, China (SAR)
Hungary
Iceland
Ireland
Israel
Italy
Japan
Kazakhstan
Korea (Republic of)
Kuwait
Latvia
Liechtenstein
Lithuania
Luxembourg
Malaysia
Malta
Mauritius
Montenegro
Netherlands
New Zealand
Norway
Oman
Palau
Panama
Poland
Portugal
Qatar
Romania
Russian Federation
Saudi Arabia
Serbia
Singapore
Slovakia
Slovenia
Spain
Sweden
Switzerland

Cuba
Dominica
Dominican Republic
Ecuador
Egypt
Fiji
Gabon
Grenada
Indonesia
Iran (Islamic Republic of)
Jamaica
Jordan
Lebanon
Libya
Maldives
Marshall Islands
Mexico
Moldova (Republic of)
Mongolia
North Macedonia
Palestine, State of
Paraguay
Peru
Philippines
Saint Kitts and Nevis
Saint Lucia
Saint Vincent and the Grenadines
Samoa
Seychelles
South Africa
Sri Lanka
Suriname
Thailand
Tonga
Trinidad and Tobago
Tunisia
Turkmenistan
Ukraine
Uzbekistan
Venezuela (Bolivarian Republic of)
Viet Nam
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Turkey
United Arab Emirates
United Kingdom
United States
Uruguay
Medium HDI:
Low HDI:
Angola
Afghanistan
Bangladesh
Benin
Bhutan
Burkina Faso
Cabo Verde
Burundi
Cambodia
Central African Republic
Cameroon
Chad
Congo
Congo (Democratic Republic of the)
El Salvador
Côte d'Ivoire
Equatorial Guinea
Djibouti
Eswatini (Kingdom of)
Eritrea
Ghana
Ethiopia
Guatemala
Gambia
Guyana
Guinea
Honduras
Guinea-Bissau
India
Haiti
Iraq
Lesotho
Kenya
Liberia
Kiribati
Madagascar
Kyrgyzstan
Malawi
Lao People's Democratic Republic
Mali
Micronesia (Federated States of)
Mauritania
Morocco
Mozambique
Myanmar
Niger
Namibia
Nigeria
Nepal
Rwanda
Nicaragua
Senegal
Sao Tome and Principe
Sierra Leone
Solomon Islands
South Sudan
Syrian Arab Republic
Sudan
Tajikistan
Tanzania (United Republic of)
Timor-Leste
Togo
Vanuatu
Uganda
Zambia
Yemen
Zimbabwe
Pakistan
Papua New Guinea
Comoros
Note. WHO = World Health Organization. HDI = Human Development Index. No data on Korea
(Democratic People's Rep. of), Monaco, Nauru, San Marino, Somalia, Tuvalu. Adapted from (174).
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Appendix 7: Aims of all included studies.
Study aim
Number of studies
Conduct a review on the global surgery
27
indicators and/or NSOAP
Quantify all six global surgery indicators
6
Quantify at least one global surgery indicator
88
Working towards developing NSOAP
5
Facility assessment
5
NSOAP report
5
LCoGS report
2
Note. NSOAP = National, Surgical, Obstetric and Anaesthesia Plan. LCoGS = Lancet Commission on
Global Surgery.

Appendix 8: Range of publication years of all included studies.
Year of publication
2015
2016
2017
2018
2019
2020
2021

Number of studies
13
10
25
19
30
37
4

Appendix 9: Study designs of all included studies.
Study design
Abstract
Cohort study
Commentary
Cross sectional study
Economic evaluation
Editorial
Literature review
Opinion
Mixed methods researcha
Correlational study
Modelling study
Review
Systematic review

Number of studies
15
5
4
45
2
2
6
1
26
2
2
12
6
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a

Included 1 cohort/cross sectional study, 2 cohort/geospatial studies, 1 correlational/geospatial

study, 20 cross sectional/geospatial studies, 1 modelling/correlational study, 1
quantitative/qualitative study.

Appendix 10: Procedure of interest of all included studies.
Procedure of interest
Number of studies
All three Bellwether procedures
49
Caesarean section
7
Laparotomy
3
Open fracture treatment
5
Caesarean section and laparotomy
1
Laparotomy and open fracture treatment
1
Surgical care
22
Surgical care (incl. all three Bellwether
4
procedures)
Surgical care (incl. one Bellwether procedure)
1
Surgical and anaesthesia care
4
Surgical, obstetric, and anaesthesia care
1
Anaesthesiaa
4
Pediatric surgery
11
Neurosurgery
4
b
Other
14
a
Included 2 studies on obstetric anaesthesia, 1 study on pediatric anaesthesia.
b

Included 1 back surgery, 2 emergency surgery, 1 gastric cancer surgery, 1 head and neck cancer

surgery, 1 radial cystectomy, 3 cancer surgery, 3 trauma surgery, 1 cardiovascular surgery, 1 burn
surgery.

Appendix 11: Countries of interest of all included studies.
Country or countries of interest
Bolivia (Plurinational State of) a
Brazila
Cameroon
Colombia
Democratic Republic of the Congoa
Ecuador
Ethiopiaa
Ghana
Guyana
India

Number of studies
1
7
1
2
2
1
4
7
1
2
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Indonesiaa
Kenyaa
Kiribati
Lebanon
Madagascar
Malawi
Mozambique
New Zealand
Nigeriaa
Pakistan
Papua New Guineaa
Peru
Rwandaa
Sierra Leone
Somaliland
South Africaa
United Republic of Tanzaniaa
Uganda
United States of Americaa
Zambia
Multiple countriesb
a
Included regional level studies.
b

1
2
1
1
1
1
2
1
3
5
2
1
2
1
1
9
5
6
9
2
47

Included 29 studies that did not provide a complete list of countries studied. A total of 82

countries were included in the multi-country studies so altogether, 84 countries were covered in
the review.

Appendix 12: Countries included in the multi-country studies.
Country
Afghanistan
Andorra
Australia
Austria
Bangladesh
Belgium
Belize
Benin
Bolivia (Plurinational State of)
Botswana
Brazil

Number of studies
2
1
5
1
3
1
1
1
3
2
1
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Burkina Faso
Burundi
Cambodia
Cameroon
Central African Republic
Colombia
Cook Islands
Côte d’Ivoire
Cyprus
Democratic Republic of the Congo
Ecuador
Ethiopia
Fiji
Finland
Gambia
Ghana
Guatemala
Guinea
Guyana
Haiti
Iceland
India
Kenya
Kiribati
Lao People's Democratic Republic
Latvia
Liberia
Lithuania
Madagascar
Malawi
Mauritania
Mexico
Micronesia (Federated States of)
Monaco
Mongolia
Morocco
Mozambique
Myanmar
Namibia
Nauru
Netherlands
New Zealand

2
1
1
1
1
1
2
1
1
2
1
8
4
1
2
2
2
1
1
1
1
1
2
3
2
1
3
1
1
1
1
1
2
1
4
2
1
1
1
2
1
5
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Nicaragua
Niger
Nigeria
Pakistan
Papua New Guinea
Peru
Rwanda
Saint Vincent and the Grenadines
Samoa
Senegal
Seychelles
Sierra Leone
Solomon Islands
Somalia
South Africa
South Sudan
Sri Lanka
Sweden
Timor-Leste
Togo
Tonga
Tuvalu
Uganda
United Republic of Tanzania
United States of America
Vanuatu
Viet Nam
Zambia
Zimbabwe
Did not provide a complete list of countries

2
1
5
4
5
1
10
1
4
2
1
4
6
3
1
1
3
1
4
2
4
2
5
9
1
5
1
7
1
29

Appendix 13: Breakdown of included countries by WHO region.
WHO region
Number of studied countries
Africa
32
Americas
13
Eastern Mediterranean
5
Europe
11
South-East Asia
6
Western Pacific
17
Note. WHO = World Health Organization. This table does not include 29 studies that did not
provide a complete list of countries.
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Appendix 14: Breakdown of included countries by WB income group.
Income group
Number of studied countries
High
16
Upper middle
18
Lower middle
29
Low
20
Note. WB = World Bank. This table does not include 29 studies that did not provide a complete list
of countries. One country without an official income group assignment (Cook Islands).

Appendix 15: Breakdown of included countries by HDI classification.
HDI classification
Number of studied countries
Very high
13
High
19
Medium
22
Low
25
Note. HDI = Human Development Index. This table does not include 29 studies that did not
provide a complete list of countries. Five countries without an official HDI assignment (Cook
Islands, Monaco, Nauru, Somalia, Tuvalu).

Appendix 16: Publication years of included studies at stage 1 (reviews).
Year of publication
2015
2016
2017
2018
2019
2020

Number of studies
3
4
8
4
5
8

Appendix 17: Study designs of included studies at stage 1 (reviews).
Study design
Abstract
Commentary
Editorial
Literature review
Modelling study
Systematic review

Number of studies
2
4
3
8
1
6
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Appendix 18: Procedure of interest of included studies at stage 1 (reviews).
Procedure of interest
All three Bellwether procedures
Caesarean section
Surgical care
Surgical and anaesthesia care
Surgical, obstetric, and anaesthesia care
Cancer surgery
Cardiovascular surgery
Pediatric surgery
Pediatric anaesthesia
Trauma surgery

Number of studies
10
1
8
4
1
1
1
3
1
2

Appendix 19: Countries of interest of included studies at stage 1 (reviews).
Country or countries of interest
Number of studies
Brazil
1
Ethiopia
1
Pakistan
2
Peru
1
South Africa
1
United Republic of Tanzania
2
Zambia
1
a
Multiple countries
23
a
Included 15 studies that did not provide a complete list of countries studied. A total of 49
countries were included in the multi-country studies so altogether, 50 countries were covered in
level 1 of the review.

Appendix 20: Countries included in the multi-country studies at stage 1 (reviews).
Country
Afghanistan
Australia
Bangladesh
Bolivia (Plurinational State of)
Botswana
Burkina Faso
Cambodia
Cameroon
Côte d’Ivoire

Number of studies
2
1
2
2
1
1
1
1
1
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Ecuador
Ethiopia
Fiji
Gambia
Ghana
Guinea
Haiti
India
Kenya
Kiribati
Liberia
Madagascar
Malawi
Mexico
Micronesia (Federated States of)
Mongolia
Morocco
New Zealand
Nicaragua
Niger
Nigeria
Pakistan
Papua New Guinea
Peru
Rwanda
Samoa
Senegal
Sierra Leone
Solomon Islands
Somalia
Sri Lanka
Timor-Leste
Togo
Tonga
Uganda
United Republic of Tanzania
Vanuatu
Viet Nam
Zambia
Did not provide a complete list of countries

1
6
1
2
2
1
1
1
1
1
2
1
1
1
1
2
1
1
2
1
5
3
1
1
6
1
2
2
3
2
2
1
1
1
2
7
1
1
5
15
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Appendix 21: Breakdown of included countries by WHO region at stage 1 (reviews).
WHO region
Number of studied countries
Africa
22
Americas
7
Eastern Mediterranean
4
Europe
0
South-East Asia
4
Western Pacific
13
Note. WHO = World Health Organization. This table does not include 15 studies that did not
provide a complete list of countries.

Appendix 22: Breakdown of included countries by WB income group at stage 1
(reviews).
WB income group
Number of studied countries
High
2
Upper middle
9
Lower middle
24
Low
15
Note. WB = World Bank. This table does not include 15 studies that did not provide a complete list
of countries.

Appendix 23: Breakdown of included countries by HDI classification at stage 1
(reviews).
HDI classification
Number of studied countries
Very high
2
High
13
Medium
16
Low
18
Note. HDI = Human Development Index. This table does not include 15 studies that did not
provide a complete list of countries. One country without an official HDI assignment (Somalia).

Appendix 24: Aims of included studies at stage 1 (reviews).
Study aim

Number of studies
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Progress of indicator measurements
Progress of NSOAP
Progress of indicator measurements and
NSOAP
Progress of assessing surgical capacity
Integrating other surgeries (disaster, pediatric)
in NSOAP
Note. NSOAP = National, Surgical, Obstetric and Anaesthesia Plan.

14
6
7
3
2

Appendix 25: Number of indicators reported at stage 1 (reviews).
Number of indicators reported
0
1
2
3
4
5
6

Number of studies
12
7
2
2
4
3
2

Appendix 26: Types of indicators reported at stage 1 (reviews).
Types of indicators reported
1
2
3
4
5
6

Number of studies
3
16
14
5
8
10

Appendix 27: Publication years of included studies at stage 2 (at least one indicator).
Year of publication
2015
2016
2017
2018
2019
2020
2021

Number of studies
9
5
14
10
20
26
4
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Appendix 28: Study designs of included studies at stage 2 (at least one indicator).
Study design
Number of studies
Abstract
15
Cohort study
5
Cross sectional study
36
Economic evaluation
2
Correlational study
2
Modelling study
1
Review
3
a
Mixed methods research
24
a
Included 1 cohort/cross sectional study, 2 cohort/geospatial studies, 1 correlational/geospatial
study, 18 cross sectional/geospatial studies, 1 modelling/correlational study, 1
quantitative/qualitative study.

Appendix 29: Procedure of interest of included studies at stage 2 (at least one
indicator).
Procedure of interest
All three Bellwether procedures
Caesarean section
Laparotomy
Open fracture treatment
Caesarean section and laparotomy
Laparotomy and open fracture treatment
Surgical care
Surgical care (incl. all three Bellwether
procedures)
Surgical care (incl. one Bellwether procedure)
Anaesthesiaa
Pediatric surgery
Neurosurgery
Otherb
a
Included 1 obstetric anaesthesia.
b

Number of studies
35
5
3
5
1
1
11
3
1
2
8
4
10

Included 1 back surgery, 2 emergency surgery, 1 gastric cancer surgery, 1 head and neck cancer

surgery, 1 radial cystectomy, 2 cancer surgery, 1 trauma surgery.

Appendix 30: Countries of interest of included studies at stage 2 (at least one indicator).
Country or countries of interest

Number of studies
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Bolivia (Plurinational State of) a
Brazila
Cameroon
Colombia
Democratic Republic of the Congoa
Ecuador
Ethiopiaa
Ghana
Guyana
India
Indonesiaa
Kenyaa
Kiribati
Malawi
Mozambique
New Zealand
Nigeriaa
Pakistan
Papua New Guinea
Rwandaa
Sierra Leone
Somaliland
South Africaa
United Republic of Tanzaniaa
Uganda
United States of America
Zambia
Multiple countriesb
a
Included regional level studies.
b

1
5
1
1
2
1
4
7
1
1
1
2
1
1
2
1
3
2
1
2
1
1
7
2
5
7
1
22

Included 14 studies that did not provide a complete list of countries studied. A total of 46

countries were included in the multi-country studies so altogether, 53 countries were included.

Appendix 31: Countries included in the multi-country studies at stage 2 (at least one
indicator).
Country
Australia
Bangladesh
Benin
Bolivia (Plurinational State of)

Number of studies
3
1
1
1
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Botswana
Brazil
Burkina Faso
Burundi
Central African Republic
Colombia
Cook Islands
Democratic Republic of the Congo
Ethiopia
Fiji
Guatemala
Guyana
Kenya
Kiribati
Lao People's Democratic Republic
Liberia
Mauritania
Mongolia
Mozambique
Myanmar
Namibia
Nauru
New Zealand
Pakistan
Papua New Guinea
Rwanda
Samoa
Sierra Leone
Solomon Islands
Somalia
South Africa
South Sudan
Timor-Leste
Togo
Tonga
Tuvalu
Uganda
United Republic of Tanzania
United States of America
Vanuatu
Zambia
Zimbabwe

1
1
1
1
1
1
1
2
2
2
2
1
1
1
2
1
1
1
1
1
1
1
3
1
3
4
2
2
2
1
1
1
2
1
2
1
3
2
1
2
1
1
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Did not provide a complete list of countries

14

Appendix 32: Breakdown of included countries by WHO region at stage 2 (at least one
indicator).
WHO region
Number of studied countries
Africa
25
Americas
7
Eastern Mediterranean
2
Europe
0
South-East Asia
5
Western Pacific
14
Note. WHO = World Health Organization. This table does not include 14 studies that did not
provide a complete list of countries.

Appendix 33: Breakdown of included countries by income group at stage 2 (at least one
indicator).
WB income group
Number of studied countries
High
4
Upper middle
13
Lower middle
21
Low
14
Note. WB = World Bank. This table does not include 14 studies that did not provide a complete list
of countries. One country without an official income group assignment (Cook Islands).

Appendix 34: Breakdown of included countries by HDI classification at stage 2 (at least
one indicator).
HDI classification
Number of studied countries
Very high
3
High
11
Medium
18
Low
17
Note. HDI = Human Development Index. This table does not include 22 studies that did not
provide a complete list of countries. Four countries without an official HDI assignment (Cook
Islands, Nauru, Somalia, Tuvalu).
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Appendix 35: Number of indicators reported at stage 2 (at least one indicator).
Number of indicators reported
1
2
3
4
5

Number of studies
44
29
8
3
4

Appendix 36: Types of indicators reported at stage 2 (at least one indicator).
Types of indicators reported
1
2
3
4
5
6

Number of studies
35
45
48
18
6
6

Appendix 37: Types of indicators (LCoGS-specific) reported at stage 2 (at least one
indicator).
Types of indicators reported
Number of studies
1
25
2
21
3
25
4
11
5
3
6
4
Note. LCoGS = National, Surgical, Obstetric and Anaesthesia Plan.

Appendix 38: Publication years of included studies at stage 3 (all six indicators).
Year of publication
2017
2019
2020

Number of studies
3
1
2

Appendix 39: Study designs of included studies at stage 3 (all six indicators).
Study design
Cross sectional study

Number of studies
4

136

Geospatial analysis using cross sectional data

2

Appendix 40: Procedure of interest of included studies at stage 3 (all six indicators).
Procedure of interest
All three Bellwether procedures
Surgery (incl. all three Bellwether procedures)

Number of studies
5
1

Appendix 41: Countries of interest of included studies at stage 3 (all six indicators).
Country or countries of interest
Brazil
Colombia
Madagascar
Papua New Guineaa
Multiple countriesb
a
Included regional level data only.
b

Number of studies
1
1
1
1
2

Included a total of 32 countries were included in the multi-country studies so altogether, 35

countries were included.

Appendix 42: Countries included in the multi-country studies at stage 3 (all six
indicators).
Country
Andorra
Australia
Austria
Belgium
Belize
Cook Islands
Cyprus
Fiji
Finland
Iceland
Kiribati
Latvia
Lithuania
Micronesia (Federated States of)
Monaco
Mongolia

Number of studies
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
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Morocco
Nauru
Netherlands
New Zealand
Papua New Guinea
Saint Vincent and the Grenadines
Samoa
Seychelles
Solomon Islands
Sri Lanka
Sweden
Timor-Leste
Tonga
Tuvalu
Vanuatu
Zambia

1
1
1
1
1
1
1
1
1
1
1
1
1
1
2
1

Appendix 43: Breakdown of included countries by WHO region at stage 3 (all six
indicators).
WHO region
Africa
Americas
Eastern Mediterranean
Europe
South-East Asia
Western Pacific
Note. WHO = World Health Organization.

Number of studied countries
3
4
1
11
2
14

Appendix 44: Breakdown of included countries by WB income group at stage 3 (all six
indicators).
WB income group
Number of studied countries
High
15
Upper middle
8
Lower middle
10
Low
1
Note. WB = World Bank. One study included a country without an official income group
assignment (Cook Islands).
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Appendix 45: Breakdown of included countries by HDI classification at stage 3 (all six
indicators).
HDI classification
Number of studied countries
Very high
12
High
10
Medium
8
Low
1
Note. HDI = Human Development Index. Four countries without an official HDI assignment (Cook
Islands, Monaco, Nauru, Tuvalu).

Appendix 46: Terms to identify surgical capacity.
Caesarean (or cesarean or cesarian) section: caesarean section, caesarean delivery, c-section, CS,
Comprehensive Emergency Obstetric and Neonatal Care (CEmONC), obstetrics, OB, obstetrician,
gynecology, gyn, gynecologist, OB/Gyn,
Laparotomy: laparotomy, general surgery, general surgeon, acute abdomen, anastomosis,
appendectomy, appendicectomy, appendicitis, bowel, bowel obstruction, cholecystectomy,
colectomy, colostomy, duodenectomy, ectopic pregnancy, exploratory laparotomy, gallbladder,
gastric injury, gastric tear, gastroscopy, hemicolectomy, herniorrhaphy, hysterectomy, ileectomy,
intestinal obstruction, jejunectomy, laparoscopic, laparoscopy, open transabdominal, perforated
ulcer, perforation, peritoneal adhesionlysis, peritoneal lavage, resection of small (or large) bowel,
uterine rupture
Open fracture treatment: open fracture treatment, open fracture reduction, open fracture
fixation, open reduction, open fixation, orthopedic surgery, orthopedic surgeon, trauma, injury,
fracture,
Other surgeries: surgery, surgeon, surgical, anaesthesiology (or anesthesiology), anaesthesia,
anaesthesiologist, anaesthesiologist, anaesthetist, operating room, operating table, operating
theatre (or theater), otolaryngologist, otolaryngology
Note. Adapted from Hanna et al. (149).
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Appendix 47: Scatter plot of proportion of population with 2-h access to all three
Bellwether procedures and HDI.

Appendix 48: Scatter plot of proportion with 2-h access to all three Bellwether
procedures and year of data collection.
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Appendix 49: Countries with data on timely access to surgery.
Country

Year of
collection

Method of facility
identification

Uganda

2016

National sample of
hospitals (stratified
random sampling)

Brazil

2015

Madagascar

20152016

Zambia

2011

National census of
public hospitals

National sample of
regional referral
hospitals
National census of
hospitals

2011

National census of
hospitals

Zambia

2011

National census of
hospitals

Australia

20152016

National census of
hospitals

Cook Islands

20152016

National census of
hospitals

Fiji

20152016

National census of
hospitals

Zambia

Method of surgical procedure assessment
Types of performed procedures (including the
Bellwethers) directly measured using the
Surgical Assessment Tool (SAT) and hospital
surgical logs
Surgery was assumed to be available if a facility
had at least one surgeon, anaesthesiologist, and
obstetrician, and have a doctor on call 24 hours
per day (national administrative database,
Sistema de Informações Hospitalares/Sistema
Único deSaúde (SIH/SUS))
Surgery was assumed to be available in all
selected hospitals (Ministry of Health)

Surgery capable facilities identified by the
Zambian Ministry of Health in 2010
Safe surgery was assumed to be available if a
facility met the World Health Organization
(WHO) minimum surgical safety standards

Bellwether procedures were assumed to be
available if facility had a general surgeon,
orthopedic surgeon, obstetrician, and an
anesthesiologist
Bellwether procedures were assumed to be
available if facility had usual resource allocation
to perform most of the time
Bellwether procedures were assumed to be
available if facility had usual resource allocation
to perform most of the time
Bellwether procedures were assumed to be
available if facility had usual resource allocation
to perform most of the time

Method of indicator
measurement
Facility interview

GIS software
(Redivis)

Facility interview

GIS softwares
(ArcGIS, Redivis)

GIS softwares
(ArcGIS, Redivis)

GIS softwares
(ArcGIS, Redivis)
200 km radius
around Bellwether
hospitals
Island mapping
Manual contour line
determined by Fiji
Bureau of Statistics

Indicator 1
>25% of the population can
access a Bellwether capable
facility within 2 h
97.2% of population can
access a surgery capable
facility within 2 h

29% of the population can
access a surgery capable
facility within 2 h
85.1% of population can
access a surgery capable
facility within 2 h
34.1% of population can
access a surgery capable
facility that meets WHO
minimum surgical safety
standards within 2 h
19.3% of population can
access a Bellwether capable
facility within 2 h
98.85% of population can
access a Bellwether capable
facility within 2 h
88% of population can
access a Bellwether capable
facility within 2 h
67% of population can
access a Bellwether capable
facility within 2 h

Source
(128)

(153)

(150)

(147)
(15)

(147)

(147)

(151)

(151)

(151)
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Kirbati

20152016

National census of
hospitals

Micronesia

20152016

National census of
hospitals

Nauru

20152016

National census of
hospitals

New Zealand

20152016

National census of
hospitals

Papua New Guinea

20152016

National census of
hospitals

Samoa

20152016

National census of
hospitals

Bellwether procedures were assumed to be
available if facility had usual resource allocation
to perform most of the time
Bellwether procedures were assumed to be
available if facility had usual resource allocation
to perform most of the time
Bellwether procedures were assumed to be
available if facility had usual resource allocation
to perform most of the time

Bellwether procedures were assumed to be
available if facility had usual resource allocation
to perform most of the time
Bellwether procedures were assumed to be
available if facility had usual resource allocation
to perform most of the time

Bellwether procedures were assumed to be
available if facility had usual resource allocation
to perform most of the time

Island mapping

65% of population can
access a Bellwether capable
facility within 2 h
Not available

Island mapping
Island mapping
(includes entirety of
small islands
containing a
Bellwether capable
facility if all regions
had within 2-hour
access; and includes
islands with ≤60 min
access by boat or
plane). Single island
with entre
population within 30
min of hospital
Manual contour line
Non-mapping
technique. Local
clinicians used
locations of
Bellwether hospitals
and adjacent regions
within 2hours
combined with
regional population
data from Bureau of
Statistics to calculate
population within
the 2-hour zone
Island mapping

(151)

(151)
100% of population can
access a Bellwether capable
facility within 2 h

(151)

90% of population can
access a Bellwether capable
facility within 2 h
20% of population can
access a Bellwether capable
facility within 2 h

(151)

(151)

68% of population can
access a Bellwether capable
facility within 2 h

(151)
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Solomon Islands

20152016

National census of
hospitals

Timor Leste

20152016

National census of
hospitals

Tonga

20152016

National census of
hospitals

Tuvalu

20152016

National census of
hospitals

20152016

National census of
hospitals

2016

National census of
hospitals

2016

National census of
hospitals

2016

National census of
hospitals

Morocco

2016

National census of
hospitals

Netherlands

2016

National census of
hospitals

Vanuatu

Belgium

Cyprus

Lithuania

Bellwether procedures were assumed to be
available if facility had usual resource allocation
to perform most of the time
Bellwether procedures were assumed to be
available if facility had usual resource allocation
to perform most of the time
Bellwether procedures were assumed to be
available if facility had usual resource allocation
to perform most of the time
Bellwether procedures were assumed to be
available if facility had usual resource allocation
to perform most of the time
Bellwether procedures were assumed to be
available if facility had usual resource allocation
to perform most of the time

Bellwether procedures were assumed to be
available if a facility was listed to perform them
(no further validations sought) (Ministry of
health)
Bellwether procedures were assumed to be
available if a facility was listed to perform them
(no further validations sought) (Ministry of
health)
Bellwether procedures were assumed to be
available if a facility was listed to perform them
(no further validations sought) (Ministry of
health)
Bellwether procedures were assumed to be
available if a facility was listed to perform them
(no further validations sought) (Ministry of
health)
Bellwether procedures were assumed to be
available if a facility was listed to perform them

Island mapping

Manual contour line

Island mapping

Island mapping
Manual contour line
for each of 3
Bellwether hospitals
(determined by local
clinicians with
knowledge of local
geography and travel
conditions) and
island mapping

20% of population can
access a Bellwether capable
facility within 2 h
50% of population can
access a Bellwether capable
facility within 2 h
85% of population can
access a Bellwether capable
facility within 2 h
56% of population can
access a Bellwether capable
facility within 2 h
44% of population can
access a Bellwether capable
facility within 2 h

(151)

(151)

(151)

(151)

GIS software
(Redivis)

100% of population can
access a Bellwether capable
facility within 2 h

GIS software
(Redivis)

100% of population can
access a Bellwether capable
facility within 2 h

GIS software
(Redivis)

100% of population can
access a Bellwether capable
facility within 2 h

GIS software
(Redivis)

92% of population can
access a Bellwether capable
facility within 2 h

GIS software
(Redivis)

(151)

92% of population can
access a Bellwether capable
facility within 2 h

(15)

(15)

(15)

(15)

(15)
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Vanuatu

2016

National census of
hospitals

Colombia

20182019

National census of
hospitals

Angola

2015

Benin

2015

Botswana

2015

Burkina Faso

2015

Burundi

2015

Cameroon

2015

Cape Verde

2015

Central African
Republic

2015

Chad

2015

National census of
major regional and
district hospitals
National census of
major regional and
district hospitals
National census of
major regional and
district hospitals
National census of
major regional and
district hospitals
National census of
major regional and
district hospitals
National census of
major regional and
district hospitals
National census of
major regional and
district hospitals
National census of
major regional and
district hospitals
National census of
major regional and
district hospitals

(no further validations sought) (Ministry of
health)
Bellwether procedures were assumed to be
available if a facility was listed to perform them
(no further validations sought) (179)
Bellwether procedures directly measured using
the Colombian national healthcare information
system, Sistema Integral de Información de la
Protección Social (SISPRO), and national health
survey, Encuesta Nacional de Salud 2007 (NHS2007)
Bellwether procedures were assumed to be
available in all selected hospitals
Bellwether procedures were assumed to be
available in all selected hospitals
Bellwether procedures were assumed to be
available in all selected hospitals
Bellwether procedures were assumed to be
available in all selected hospitals
Bellwether procedures were assumed to be
available in all selected hospitals
Bellwether procedures were assumed to be
available in all selected hospitals
Bellwether procedures were assumed to be
available in all selected hospitals
Bellwether procedures were assumed to be
available in all selected hospitals
Bellwether procedures were assumed to be
available in all selected hospitals

GIS software
(Redivis)

GIS software
(ArcGIS)

GIS software
(AccessMod)
GIS software
(AccessMod)
GIS software
(AccessMod)
GIS software
(AccessMod)
GIS software
(AccessMod)
GIS software
(AccessMod)
GIS software
(AccessMod)
GIS software
(AccessMod)
GIS software
(AccessMod)

66% of population can
access a Bellwether capable
facility within 2 h
84.9% of population can
access a Bellwether capable
facility within 2 h

73% of population can
access a Bellwether capable
facility within 2 h
100% of population can
access a Bellwether capable
facility within 2 h
90% of population can
access a Bellwether capable
facility within 2 h
98% of population can
access a Bellwether capable
facility within 2 h
100% of population can
access a Bellwether capable
facility within 2 h
98% of population can
access a Bellwether capable
facility within 2 h
96% of population can
access a Bellwether capable
facility within 2 h
94% of population can
access a Bellwether capable
facility within 2 h
80% of population can
access a Bellwether capable
facility within 2 h

(15)

(149)

(97)

(97)

(97)

(97)

(97)

(97)

(97)

(97)

(97)
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Congo Republic

2015

Cote d’Ivoire

2015

Democratic
Republic of Congo

2015

Djibouti

2015

Equatorial Guinea

2015

Eritrea

2015

Ethiopia

2015

Gabon

2015

Gambia

2015

Ghana

2015

Guinea

2015

Guinea Bissau

2015

Kenya

2015

National census of
major regional and
district hospitals
National census of
major regional and
district hospitals
National census of
major regional and
district hospitals
National census of
major regional and
district hospitals
National census of
major regional and
district hospitals
National census of
major regional and
district hospitals
National census of
major regional and
district hospitals
National census of
major regional and
district hospitals
National census of
major regional and
district hospitals
National census of
major regional and
district hospitals
National census of
major regional and
district hospitals
National census of
major regional and
district hospitals
National census of
major regional and
district hospitals

Bellwether procedures were assumed to be
available in all selected hospitals
Bellwether procedures were assumed to be
available in all selected hospitals
Bellwether procedures were assumed to be
available in all selected hospitals
Bellwether procedures were assumed to be
available in all selected hospitals
Bellwether procedures were assumed to be
available in all selected hospitals
Bellwether procedures were assumed to be
available in all selected hospitals
Bellwether procedures were assumed to be
available in all selected hospitals
Bellwether procedures were assumed to be
available in all selected hospitals
Bellwether procedures were assumed to be
available in all selected hospitals
Bellwether procedures were assumed to be
available in all selected hospitals
Bellwether procedures were assumed to be
available in all selected hospitals
Bellwether procedures were assumed to be
available in all selected hospitals
Bellwether procedures were assumed to be
available in all selected hospitals

GIS software
(AccessMod)
GIS software
(AccessMod)
GIS software
(AccessMod)
GIS software
(AccessMod)
GIS software
(AccessMod)
GIS software
(AccessMod)
GIS software
(AccessMod)
GIS software
(AccessMod)
GIS software
(AccessMod)
GIS software
(AccessMod)
GIS software
(AccessMod)
GIS software
(AccessMod)
GIS software
(AccessMod)

93% of population can
access a Bellwether capable
facility within 2 h
100% of population can
access a Bellwether capable
facility within 2 h
93% of population can
access a Bellwether capable
facility within 2 h
93% of population can
access a Bellwether capable
facility within 2 h
98% of population can
access a Bellwether capable
facility within 2 h
63% of population can
access a Bellwether capable
facility within 2 h
79% of population can
access a Bellwether capable
facility within 2 h
96% of population can
access a Bellwether capable
facility within 2 h
100% of population can
access a Bellwether capable
facility within 2 h
100% of population can
access a Bellwether capable
facility within 2 h
96% of population can
access a Bellwether capable
facility within 2 h
81% of population can
access a Bellwether capable
facility within 2 h
98% of population can
access a Bellwether capable
facility within 2 h

(97)

(97)

(97)

(97)

(97)

(97)

(97)

(97)

(97)

(97)

(97)

(97)

(97)
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Lesotho

2015

Liberia

2015

Madagascar

2015

Malawi

2015

Mali

2015

Mauritania

2015

Mozambique

2015

Namibia

2015

Niger

2015

Nigeria

2015

Rwanda

2015

Sao Tome and
Principe

2015

Senegal

2015

National census of
major regional and
district hospitals
National census of
major regional and
district hospitals
National census of
major regional and
district hospitals
National census of
major regional and
district hospitals
National census of
major regional and
district hospitals
National census of
major regional and
district hospitals
National census of
major regional and
district hospitals
National census of
major regional and
district hospitals
National census of
major regional and
district hospitals
National census of
major regional and
district hospitals
National census of
major regional and
district hospitals
National census of
major regional and
district hospitals
National census of
major regional and
district hospitals

Bellwether procedures were assumed to be
available in all selected hospitals
Bellwether procedures were assumed to be
available in all selected hospitals
Bellwether procedures were assumed to be
available in all selected hospitals
Bellwether procedures were assumed to be
available in all selected hospitals
Bellwether procedures were assumed to be
available in all selected hospitals
Bellwether procedures were assumed to be
available in all selected hospitals
Bellwether procedures were assumed to be
available in all selected hospitals
Bellwether procedures were assumed to be
available in all selected hospitals
Bellwether procedures were assumed to be
available in all selected hospitals
Bellwether procedures were assumed to be
available in all selected hospitals
Bellwether procedures were assumed to be
available in all selected hospitals
Bellwether procedures were assumed to be
available in all selected hospitals
Bellwether procedures were assumed to be
available in all selected hospitals

GIS software
(AccessMod)
GIS software
(AccessMod)
GIS software
(AccessMod)
GIS software
(AccessMod)
GIS software
(AccessMod)
GIS software
(AccessMod)
GIS software
(AccessMod)
GIS software
(AccessMod)
GIS software
(AccessMod)
GIS software
(AccessMod)
GIS software
(AccessMod)
GIS software
(AccessMod)
GIS software
(AccessMod)

92% of population can
access a Bellwether capable
facility within 2 h
98% of population can
access a Bellwether capable
facility within 2 h
87% of population can
access a Bellwether capable
facility within 2 h
99% of population can
access a Bellwether capable
facility within 2 h
96% of population can
access a Bellwether capable
facility within 2 h
79% of population can
access a Bellwether capable
facility within 2 h
81% of population can
access a Bellwether capable
facility within 2 h
94% of population can
access a Bellwether capable
facility within 2 h
89% of population can
access a Bellwether capable
facility within 2 h
100% of population can
access a Bellwether capable
facility within 2 h
100% of population can
access a Bellwether capable
facility within 2 h
100% of population can
access a Bellwether capable
facility within 2 h
99% of population can
access a Bellwether capable
facility within 2 h

(97)

(97)

(97)

(97)

(97)

(97)

(97)

(97)

(97)

(97)

(97)

(97)

(97)
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Sierra Leone

2015

Somalia

2015

South Africa

2015

South Sudan

2015

Sudan

2015

Swaziland

2015

Togo

2015

Uganda

2015

United Republic of
Tanzania

2015

Zambia

2015

Zimbabwe

2015

South Africa

20152016

National census of
major regional and
district hospitals
National census of
major regional and
district hospitals
National census of
major regional and
district hospitals
National census of
major regional and
district hospitals
National census of
major regional and
district hospitals
National census of
major regional and
district hospitals
National census of
major regional and
district hospitals
National census of
major regional and
district hospitals
National census of
major regional and
district hospitals
National census of
major regional and
district hospitals
National census of
major regional and
district hospitals
National census of
government
hospitals

Bellwether procedures were assumed to be
available in all selected hospitals
Bellwether procedures were assumed to be
available in all selected hospitals
Bellwether procedures were assumed to be
available in all selected hospitals
Bellwether procedures were assumed to be
available in all selected hospitals
Bellwether procedures were assumed to be
available in all selected hospitals
Bellwether procedures were assumed to be
available in all selected hospitals
Bellwether procedures were assumed to be
available in all selected hospitals
Bellwether procedures were assumed to be
available in all selected hospitals
Bellwether procedures were assumed to be
available in all selected hospitals
Bellwether procedures were assumed to be
available in all selected hospitals
Bellwether procedures were assumed to be
available in all selected hospitals
Surgery was assumed to be available if a facility
had a functional operating room, a surgical
provider, and performed at least one caesarean
section (CS) annually (South African National
Department of Health (NDoH), telephone
surveys to facility managers)

GIS software
(AccessMod)
GIS software
(AccessMod)
GIS software
(AccessMod)
GIS software
(AccessMod)
GIS software
(AccessMod)
GIS software
(AccessMod)
GIS software
(AccessMod)
GIS software
(AccessMod)
GIS software
(AccessMod)
GIS software
(AccessMod)
GIS software
(AccessMod)
Geographic
Information System
(GIS) software
(ArcMap)

99% of population can
access a Bellwether capable
facility within 2 h
88% of population can
access a Bellwether capable
facility within 2 h
96% of population can
access a Bellwether capable
facility within 2 h
92% of population can
access a Bellwether capable
facility within 2 h
78% of population can
access a Bellwether capable
facility within 2 h
100% of population can
access a Bellwether capable
facility within 2 h
99% of population can
access a Bellwether capable
facility within 2 h
98% of population can
access a Bellwether capable
facility within 2 h
91% of population can
access a Bellwether capable
facility within 2 h
86% of population can
access a Bellwether capable
facility within 2 h
96% of population can
access a Bellwether capable
facility within 2 h
86- 89% of the population
can access a surgery capable
district hospital within 2 h
*took the lower bound in
my model for conservative
estimate

(97)

(97)

(97)

(97)

(97)

(97)

(97)

(97)

(97)

(97)

(97)

(143)
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Bangladesh

2012

Bolivia
(Plurinational
State of)

2011

Ethiopia

2011

Guatemala

2013

Lao People's
Democratic
Republic

2014

Liberia

2011

Rwanda

2010

Andorra

2015

Austria

Belize

2015

2015

Sample of district
or regional
hospitals

Sample of district
or regional
hospitals
Sample of district
or regional
hospitals
Sample of district
or regional
hospitals
Sample of district
or regional
hospitals
Sample of district
or regional
hospitals
Sample of district
or regional
hospitals
National census of
Bellwether capable
hospitals (provided
by Ministry of
Health)
National census of
Bellwether capable
hospitals (provided
by Ministry of
Health)
National census of
Bellwether capable
hospitals (provided

Surgery was assumed to be available if a facility
met a minimum set of eight resource criteria for
safe basic surgery entirely (consistent oxygen
supply, essential medications, functional pulse
oximeter, functional sterilizer, consistent
electricity supply, consistent supply of clean
water, accredited anaesthesia provider,
accredited surgical provider)
Surgery was assumed to be available if a facility
met a minimum set of eight resource criteria for
safe basic surgery entirely
Surgery was assumed to be available if a facility
met a minimum set of eight resource criteria for
safe basic surgery entirely
Surgery was assumed to be available if a facility
met a minimum set of eight resource criteria for
safe basic surgery entirely
Surgery was assumed to be available if a facility
met a minimum set of eight resource criteria for
safe basic surgery entirely
Surgery was assumed to be available if a facility
met a minimum set of eight resource criteria for
safe basic surgery entirely
Surgery was assumed to be available if a facility
met a minimum set of eight resource criteria for
safe basic surgery entirely
Bellwether procedures were assumed to be
available if a facility was listed to perform them
(no further validations sought) (Ministry of
health)
Bellwether procedures were assumed to be
available if a facility was listed to perform them
(no further validations sought) (Ministry of
health)
Bellwether procedures were assumed to be
available if a facility was listed to perform them
(no further validations sought) (Ministry of
health)

50.6% of population can
access a surgery capable
facility within 2 h
GIS software (ArcGIS,
Redivis)

GIS software (ArcGIS,
Redivis)
GIS software (ArcGIS,
Redivis)
GIS software (ArcGIS,
Redivis)
GIS software (ArcGIS,
Redivis)
GIS software (ArcGIS,
Redivis)
GIS software (ArcGIS,
Redivis)

GIS software
(Redivis)

GIS software
(Redivis)

GIS software
(Redivis)

(106)

52.0% of population can
access a surgery capable
facility within 2 h
23.7% of population can
access a surgery capable
facility within 2 h
79.7% of population can
access a surgery capable
facility within 2 h
56.5% of population can
access a surgery capable
facility within 2 h
30.7% of population can
access a surgery capable
facility within 2 h
95.8% of population can
access a surgery capable
facility within 2 h
100% of population can
access a Bellwether capable
facility within 2 h

(12),(15)

100% of population can
access a Bellwether capable
facility within 2 h

(12),(15)

95.2% of population can
access a Bellwether capable
facility within 2 h

(106)

(106)

(106)

(106)

(106)

(106)

(12),(15)
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Cayman Islands

Channel Islands
(Jersey)

Finland

Iceland

Latvia

Monaco

Mongolia

2015

2015

2015

2015

2016

2015

2015

by Ministry of
Health)
National census of
Bellwether capable
hospitals (provided
by Ministry of
Health)
National census of
Bellwether capable
hospitals (provided
by Ministry of
Health)
National census of
Bellwether capable
hospitals (provided
by Ministry of
Health)
National census of
Bellwether capable
hospitals (provided
by Ministry of
Health)
National census of
Bellwether capable
hospitals (provided
by Ministry of
Health)
National census of
Bellwether capable
hospitals (provided
by Ministry of
Health)
National census of
Bellwether capable
hospitals (provided
by Mongolian
National University
of Medical
Sciences)

Bellwether procedures were assumed to be
available in all selected hospitals

Bellwether procedures were assumed to be
available in all selected hospitals

Bellwether procedures were assumed to be
available if a facility was listed to perform them
(no further validations sought) (Ministry of
health)
Bellwether procedures were assumed to be
available if a facility was listed to perform them
(no further validations sought) (Ministry of
health)
Bellwether procedures were assumed to be
available if a facility was listed to perform them
(no further validations sought) (Ministry of
health)
Bellwether procedures were assumed to be
available if a facility was listed to perform them
(no further validations sought) (Ministry of
health)
Bellwether procedures were assumed to be
available if a facility was listed to perform them
(no further validations sought) (Mongolian
National University of Medical Sciences)

GIS software
(Redivis)

GIS software
(Redivis)

GIS software
(Redivis)

GIS software
(Redivis)

GIS software
(Redivis)

GIS software
(Redivis)

GIS software
(Redivis)

100% of population can
access a Bellwether capable
facility within 2 h

(12)

100% of population can
access a Bellwether capable
facility within 2 h

(12)

98.9% of population can
access a Bellwether capable
facility within 2 h

(12),(15)

93.5% of population can
access a Bellwether capable
facility within 2 h

(12),(15)

100% of population can
access a Bellwether capable
facility within 2 h

(12),(15)

100% of population can
access a Bellwether capable
facility within 2 h

(12),(15)

84% of population can
access a Bellwether capable
facility within 2 h
(12),(15)
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Seychelles

Sri Lanka

St. Vincent and
Grenadines

2015

2015

2015

National census of
Bellwether capable
hospitals (provided
by Ministry of
Health)
National census of
Bellwether capable
hospitals (provided
by Ministry of
Health)
National census of
Bellwether capable
hospitals (provided
by Ministry of
Health)
National census of
Bellwether capable
hospitals (provided
by Lund University)

Sweden

2016

Rwanda

2017

National census of
district hospitals

Ecuadora

2016

National census of
hospitals

N/A

National census of
surgeon locations

N/A

National census of
surgeon locations

Mongoliaa

N/A

National census of
surgeon locations

Namibiaa

N/A

National census of
surgeon locations

Botswanaa

Ethiopiaa

Bellwether procedures were assumed to be
available if a facility was listed to perform them
(no further validations sought) (Ministry of
health)
Bellwether procedures were assumed to be
available if a facility was listed to perform them
(no further validations sought) (Ministry of
health)
Bellwether procedures were assumed to be
available if a facility was listed to perform them
(no further validations sought) (Ministry of
health)
Bellwether procedures were assumed to be
available if a facility was listed to perform them
(no further validations sought) (Ministry of
health)
Surgery was assumed to be available in all
selected hospitals
Surgery was assumed to be available if a facility
had surgical beds
Surgery was assumed to be available if a
hospital had a surgeon

Surgery was assumed to be available if a
hospital had a surgeon

Surgery was assumed to be available if a
hospital had a surgeon

Surgery was assumed to be available if a
hospital had a surgeon

GIS software
(Redivis)

GIS software
(Redivis)

GIS software
(Redivis)

GIS software
(Redivis)
Annual statistical
booklet
GIS software (ArcGIS)
Socioeconomic Data
and Applications
Center Population
Estimation Service
Socioeconomic Data
and Applications
Center Population
Estimation Service
Socioeconomic Data
and Applications
Center Population
Estimation Service
Socioeconomic Data
and Applications

83.7% of population can
access a Bellwether capable
facility within 2 h

(12),(15)

99.9% of population can
access a Bellwether capable
facility within 2 h

(12),(15)

100% of population can
access a Bellwether capable
facility within 2 h

(12),(15)

99.6% of population can
access a Bellwether capable
facility within 2 h
100% of population can
access a surgery capable
facility within 2 h
84% of population can
access a surgery capable
facility within 2 h
31.0% of population can
access a surgery capable
facility within 2 h
39.6% of population can
access a surgery capable
facility within 2 h
55.5% of population can
access a surgery capable
facility within 2 h
43.4% of population can
access a surgery capable
facility within 2 h

(12),(15)

(24)

(74)

(99)

(99)

(99)

(99)
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Pakistana

Rwandaa

Sierra

Leonea

Somalilanda

Zimbabwea

Somaliland
(Somalia)b

Ghana

N/A

National census of
surgeon locations

N/A

National census of
surgeon locations

N/A

National census of
surgeon locations

N/A

National census of
surgeon locations

N/A

National census of
surgeon locations

2017

2014

Ghana

2014

Cameroona

20172018

National census of
hospitals in
Somaliland
(regional census for
Somalia)
National census of
first-level referral
hospitals (provided
by Ministry of
Health)
National census of
first-level referral
hospitals (provided
by Ministry of
Health)
National sample of
hospitals

Surgery was assumed to be available if a
hospital had a surgeon

Surgery was assumed to be available if a
hospital had a surgeon

Surgery was assumed to be available if a
hospital had a surgeon

Surgery was assumed to be available if a
hospital had a surgeon

Surgery was assumed to be available if a
hospital had a surgeon

Surgery was assumed to be available if a facility
had at least one operating room

Bellwether procedures were directly measured
using site visits and review of surgical logbooks

Bellwether procedures were directly measured
using site visits and review of surgical logbooks

Surgery was assumed to be available in all
selected hospitals

Center Population
Estimation Service
Socioeconomic Data
and Applications
Center Population
Estimation Service
Socioeconomic Data
and Applications
Center Population
Estimation Service
Socioeconomic Data
and Applications
Center Population
Estimation Service
Socioeconomic Data
and Applications
Center Population
Estimation Service
Socioeconomic Data
and Applications
Center Population
Estimation Service
Reviewed by incountry data team

GIS software
(ArcMap)

GIS software
(ArcMap)

Facility interview

84.4% of population can
access a surgery capable
facility within 2 h
41.3% of population can
access a surgery capable
facility within 2 h
70.3% of population can
access a surgery capable
facility within 2 h
16.9% of population can
access a surgeon within 2 h

54% of population can
access a surgery capable
facility within 2 h
19% of population can
access a surgery capable
facility within 2 h

83.2% of population can
access a facility performing
1 to 11 of each Bellwether
procedure within 2 h
71.4% of population can
access a facility performing
at least 12 of each
Bellwether procedure within
2h
43.7% of population can
access a surgery capable
facility within 2 h

(99)

(99)

(99)

(99)

(99)

(99)

(81)

(81)

(70)
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Ghana

2010

National census of
hospitals

Ghanaa

2016

National sample of
hospitals

Costa Rica

Dominican
Republic

Gabon

Grenada

Libya

Malta

2021

2021

2021

2021

National census of
hospitals (provided
by Healthsites.io)

National census of
hospitals (provided
by Healthsites.io)

National census of
hospitals (provided
by Healthsites.io)

National census of
hospitals (provided
by Healthsites.io)

2021

National census of
hospitals (provided
by Healthsites.io)

2021

National census of
hospitals (provided
by Healthsites.io)

CS was assumed to be available if a facility
offered comprehensive- emergency obstetric
and neonatal care (C-EmONC)
Intermediate orthopedic care (i.e., fixation) was
directly measured
Bellwether procedures were assumed to be
available if an online source listed them as part
of the provided services or listed staff members
that could provide the services (refer to
Appendix 46 for searched terms)
Bellwether procedures were assumed to be
available if an online source listed them as part
of the provided services or listed staff members
that could provide the services (refer to
Appendix 46 for searched terms)
Bellwether procedures were assumed to be
available if an online source listed them as part
of the provided services or listed staff members
that could provide the services (refer to
Appendix 46 for searched terms)
Bellwether procedures were assumed to be
available if an online source listed them as part
of the provided services or listed staff members
that could provide the services (refer to
Appendix 46 for searched terms)
Bellwether procedures were assumed to be
available if an online source listed them as part
of the provided services or listed staff members
that could provide the services (refer to
Appendix 46 for searched terms)
Bellwether procedures were assumed to be
available if an online source listed them as part
of the provided services or listed staff members

GIS software (ArcGIS)

Not provided
GIS software (ArcGIS
Pro) (population
living in urbanized
regions were
assumed to have 2hour access)
GIS software (ArcGIS
Pro) (population
living in urbanized
regions were
assumed to have 2hour access)
GIS software (ArcGIS
Pro) (population
living in urbanized
regions were
assumed to have 2hour access)
GIS software (ArcGIS
Pro) (population
living in urbanized
regions were
assumed to have 2hour access)
GIS software (ArcGIS
Pro) (population
living in urbanized
regions were
assumed to have 2hour access)
GIS software (ArcGIS
Pro) (population
living in urbanized
regions were

55% of population can
access a CS capable facility
within 2 h
59.4% of population can
access intermediate
orthopedic care within 2 h
95.1% of population can
access a Bellwether capable
facility within 2 h

(177)

(178)
Facility data
obtained by the
author. Geospatial
model conducted
by the author.

87.4% of population can
access a Bellwether capable
facility within 2 h

Facility data
obtained by the
author. Geospatial
model conducted
by the author.

35.7% of population can
access a Bellwether capable
facility within 2 h

Facility data
obtained by the
author. Geospatial
model conducted
by the author.

94.1% of population can
access a Bellwether capable
facility within 2 h

Facility data
obtained by the
author. Geospatial
model conducted
by the author.

54.8% of population can
access a Bellwether capable
facility within 2 h

Facility data
obtained by the
author. Geospatial
model conducted
by the author.

100.0% of population can
access a Bellwether capable
facility within 2 h

Facility data
obtained by the
author. Geospatial
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Montenegro

Norway

Portugal

Suriname

Trinidad and
Tobago

Samoa

2021

2021

2021

2021

2021

2021

National census of
hospitals (provided
by Healthsites.io)

National census of
hospitals (provided
by Healthsites.io)

National census of
hospitals (provided
by Healthsites.io)

National census of
hospitals (provided
by Healthsites.io)

National census of
hospitals (provided
by Healthsites.io)

National census of
Bellwether capable
hospitals

that could provide the services (refer to
Appendix 46 for searched terms)
Bellwether procedures were assumed to be
available if an online source listed them as part
of the provided services or listed staff members
that could provide the services (refer to
Appendix 46 for searched terms)
Bellwether procedures were assumed to be
available if an online source listed them as part
of the provided services or listed staff members
that could provide the services (refer to
Appendix 46 for searched terms)
Bellwether procedures were assumed to be
available if an online source listed them as part
of the provided services or listed staff members
that could provide the services (refer to
Appendix 46 for searched terms)
Bellwether procedures were assumed to be
available if an online source listed them as part
of the provided services or listed staff members
that could provide the services (refer to
Appendix 46 for searched terms)
Bellwether procedures were assumed to be
available if an online source listed them as part
of the provided services or listed staff members
that could provide the services (refer to
Appendix 46 for searched terms)
Bellwether procedures were assumed to be
available if an online source listed them as part
of the provided services or listed staff members
that could provide the services (refer to
Appendix 46 for searched terms)

assumed to have 2hour access)
GIS software (ArcGIS
Pro) (population
living in urbanized
regions were
assumed to have 2hour access)
GIS software (ArcGIS
Pro) (population
living in urbanized
regions were
assumed to have 2hour access)
GIS software (ArcGIS
Pro) (population
living in urbanized
regions were
assumed to have 2hour access)
GIS software (ArcGIS
Pro) (population
living in urbanized
regions were
assumed to have 2hour access)
GIS software (ArcGIS
Pro) (population
living in urbanized
regions were
assumed to have 2hour access)
GIS software (ArcGIS
Pro) (population
living in urbanized
regions were
assumed to have 2hour access)

26.7% of population can
access a Bellwether capable
facility within 2 h

model conducted
by the author.
Facility data
obtained by the
author. Geospatial
model conducted
by the author.

62.9% of population can
access a Bellwether capable
facility within 2 h

Facility data
obtained by the
author. Geospatial
model conducted
by the author.

97.1% of population can
access a Bellwether capable
facility within 2 h

Facility data
obtained by the
author. Geospatial
model conducted
by the author.

44.7% of population can
access a Bellwether capable
facility within 2 h

Facility data
obtained by the
author. Geospatial
model conducted
by the author.

94.1% of population can
access a Bellwether capable
facility within 2 h

Facility data
obtained by the
author. Geospatial
model conducted
by the author.

72.0% of population can
access a Bellwether capable
facility within 2 h

Facility data
obtained by the
author. Geospatial
model conducted
by the author.
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Andorra

Austria

Belize

Colombia

Cayman Islands

Finland

Iceland

2015

National census of
Bellwether capable
hospitals (provided
by Ministry of
Health)

2015

National census of
Bellwether capable
hospitals (provided
by Ministry of
Health)

2015

National census of
Bellwether capable
hospitals (provided
by Ministry of
Health)

20182019

National census of
hospitals

2015

National census of
Bellwether capable
hospitals (provided
by Ministry of
Health)

2015

National census of
Bellwether capable
hospitals (provided
by Ministry of
Health)

2015

National census of
Bellwether capable
hospitals (provided

Bellwether procedures were assumed to be
available if a facility was listed to perform them
(no further validations sought) (Ministry of
health)

Bellwether procedures were assumed to be
available if a facility was listed to perform them
(no further validations sought) (Ministry of
health)

Bellwether procedures were assumed to be
available if a facility was listed to perform them
(no further validations sought) (Ministry of
health)

Bellwether procedures directly measured using
the Colombian national healthcare information
system, Sistema Integral de Información de la
Protección Social (SISPRO), and national health
survey, Encuesta Nacional de Salud 2007 (NHS2007)
Bellwether procedures were assumed to be
available in all selected hospitals

GIS software (ArcGIS
Pro)

GIS software (ArcGIS
Pro)

GIS software (ArcGIS
Pro)

GIS software (ArcGIS
Pro)

GIS software (ArcGIS
Pro)

Bellwether procedures were assumed to be
available if a facility was listed to perform them
(no further validations sought) (Ministry of
health)

Bellwether procedures were assumed to be
available if a facility was listed to perform them
(no further validations sought) (Ministry of
health)

GIS software (ArcGIS
Pro)

GIS software (ArcGIS
Pro)

100.0% of population can
access a Bellwether capable
facility within 2 h

100.0% of population can
access a Bellwether capable
facility within 2 h

92.2% of population can
access a Bellwether capable
facility within 2 h

89.1% of population can
access a Bellwether capable
facility within 2 h

100.0% of population can
access a Bellwether capable
facility within 2 h

99.2% of population can
access a Bellwether capable
facility within 2 h

98.0% of population can
access a Bellwether capable
facility within 2 h

Facility data
obtained by other
studies (12),(15).
Geospatial model
conducted by the
author.
Facility data
obtained by other
studies (12),(15).
Geospatial model
conducted by the
author.
Facility data
obtained by other
studies (12),(15).
Geospatial model
conducted by the
author.
Facility data
obtained by other
studies (149).
Geospatial model
conducted by the
author.
Facility data
obtained by other
studies (12),(15).
Geospatial model
conducted by the
author.
Facility data
obtained by other
studies (12),(15).
Geospatial model
conducted by the
author.
Facility data
obtained by other
studies (12),(15).
Geospatial model
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by Ministry of
Health)

Sri Lanka

Latvia

Monaco

Mongolia

2015

National census of
Bellwether capable
hospitals (provided
by Ministry of
Health)

2016

National census of
Bellwether capable
hospitals (provided
by Ministry of
Health)

2015

National census of
Bellwether capable
hospitals (provided
by Ministry of
Health)

2015

National census of
Bellwether capable
hospitals (provided
by Mongolian
National University
of Medical
Sciences)

Bellwether procedures were assumed to be
available if a facility was listed to perform them
(no further validations sought) (Ministry of
health)

Bellwether procedures were assumed to be
available if a facility was listed to perform them
(no further validations sought) (Ministry of
health)

Bellwether procedures were assumed to be
available if a facility was listed to perform them
(no further validations sought) (Ministry of
health)

Bellwether procedures were assumed to be
available if a facility was listed to perform them
(no further validations sought) (Mongolian
National University of Medical Sciences)

GIS software (ArcGIS
Pro)

GIS software (ArcGIS
Pro)

GIS software (ArcGIS
Pro)

GIS software (ArcGIS
Pro)

Bellwether procedures were assumed to be
available in all selected hospitals
Pakistan

Sweden

20182019

National sample of
hospitals

2016

National census of
Bellwether capable
hospitals (provided
by Lund University)

GIS software (ArcGIS
Pro)

Bellwether procedures were assumed to be
available if a facility was listed to perform them
(no further validations sought) (Ministry of
health)

GIS software (ArcGIS
Pro)

100.0% of population can
access a Bellwether capable
facility within 2 h

100.0% of population can
access a Bellwether capable
facility within 2 h

92.6% of population can
access a Bellwether capable
facility within 2 h

78.8% of population can
access a Bellwether capable
facility within 2 h

64.1% of population can
access a Bellwether capable
facility within 2 h

100.0% of population can
access a Bellwether capable
facility within 2 h

conducted by the
author.
Facility data
obtained by other
studies (12),(15).
Geospatial model
conducted by the
author.
Facility data
obtained by other
studies (12),(15).
Geospatial model
conducted by the
author.
Facility data
obtained by other
studies (12),(15).
Geospatial model
conducted by the
author.
Facility data
obtained by other
studies (12), (15).
Geospatial model
conducted by the
author.
Facility data
obtained by other
studies (119).
Geospatial model
conducted by the
author.
Facility data
obtained by other
studies (12),(15).
Geospatial model
conducted by the
author.
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Seychelles

Uganda

Saint Vincent and
the Grenadines

Vanuatu

Afghanistan

2015

National census of
Bellwether capable
hospitals (provided
by Ministry of
Health)

2016

National sample of
hospitals (stratified
random sampling)

2015

National census of
Bellwether capable
hospitals (provided
by Ministry of
Health)

2016

20182019

National census of
hospitals

National sample of
hospitals

Bellwether procedures were assumed to be
available if a facility was listed to perform them
(no further validations sought) (Ministry of
health)

Types of performed procedures (including the
Bellwethers) directly identified using the
Surgical Assessment Tool (SAT) and hospital
surgical logs

Bellwether procedures were assumed to be
available if a facility was listed to perform them
(no further validations sought) (Ministry of
health)

Bellwether procedures were assumed to be
available if a facility was listed to perform them
(no further validations sought) (179)

Types of performed procedures (including the
Bellwethers) directly measured using the Service
Provision Assessments (SPA) survey

GIS software (ArcGIS
Pro)

GIS software (ArcGIS
Pro)

GIS software (ArcGIS
Pro)

GIS software (ArcGIS
Pro)

GIS software (ArcGIS
Pro)

Types of performed procedures directly
measured using national administrative data
El Salvador

20092010

National sample of
hospitals

Note. GIS = Geographic Information System. CS = Caesarean section.
aAbstract

only

bSomaliland

is not Member State so Somalia was used

GIS software (ArcGIS
Pro)

95.0% of population can
access a Bellwether capable
facility within 2 h

91.2% of population can
access a Bellwether capable
facility within 2 h

100.0% of population can
access a Bellwether capable
facility within 2 h

53.2% of population can
access a Bellwether capable
facility within 2 h

60.9% of population can
access a Bellwether capable
facility within 2 h

100.0% of population can
access a Bellwether capable
facility within 2 h

Facility data
obtained by other
studies (12),(15).
Geospatial model
conducted by the
author.
Facility data
obtained by other
studies (58,128).
Geospatial model
conducted by the
author.
Facility data
obtained by other
studies (12),(15).
Geospatial model
conducted by the
author.
Facility data
obtained by other
studies (179).
Geospatial model
conducted by the
author.
Facility data
obtained by other
studies (181).
Geospatial model
conducted by the
author.
Facility data
obtained by other
studies (180).
Geospatial model
conducted by the
author.
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Appendix 50: Comparison of Indicator 1 obtained by published studies and by the
author’s geospatial model using the same set of facility locations.
Original study
Author’s modela
Δ
100% of population can
100.0% of population can
Andorra
access a Bellwether capable
access a Bellwether capable
0%
facility within 2 h (12),(15)
facility within 2 h
100% of population can
100.0% of population can
Austria
access a Bellwether capable
access a Bellwether capable
0%
facility within 2 h (12),(15)
facility within 2 h
95.2% of population can
92.2% of population can
Belize
access a Bellwether capable
access a Bellwether capable
3%
facility within 2 h (12), (15)
facility within 2 h
84.9% of population can
89.1% of population can
Colombia
access a Bellwether capable
access a Bellwether capable
-4.2%
facility within 2 h (149)
facility within 2 h
100% of population can
100.0% of population can
Cayman Islands
access a Bellwether capable
access a Bellwether capable
0%
facility within 2 h (12),(15)
facility within 2 h
98.9% of population can
99.2% of population can
Finland
access a Bellwether capable
access a Bellwether capable
-0.3%
facility within 2 h (12),(15)
facility within 2 h
93.5% of population can
98.0% of population can
Iceland
access a Bellwether capable
access a Bellwether capable
-4.5%
facility within 2 h (12),(15)
facility within 2 h
99.9% of population can
100.0% of population can
Sri Lanka
access a Bellwether capable
access a Bellwether capable
-0.1%
facility within 2 h (12),(15)
facility within 2 h
100% of population can
100.0% of population can
Latvia
access a Bellwether capable
access a Bellwether capable
0%
facility within 2 h (12),(15)
facility within 2 h
100% of population can
92.6% of population can
Monaco
access a Bellwether capable
access a Bellwether capable
7.4%
facility within 2 h (12),(15)
facility within 2 h
84% of population can access 78.8% of population can
Mongolia
a Bellwether capable facility
access a Bellwether capable
5.2%
within 2 h (12),(15)
facility within 2 h
99.6% of population can
100.0% of population can
Sweden
access a Bellwether capable
access a Bellwether capable
-0.4%
facility within 2 h (12),(15)
facility within 2 h
83.7% of population can
95.0% of population can
Seychelles
access a Bellwether capable
access a Bellwether capable
-11.3%
facility within 2 h (12),(15)
facility within 2 h
100% of population can
100.0% of population can
St. Vincent and Grenadines
access a Bellwether capable
access a Bellwether capable
0%
facility within 2 h (12),(15)
facility within 2 h
66% of population can access 53.2% of population can
Vanuatu
a Bellwether capable facility
access a Bellwether capable
12.8%
within 2 h (15)
facility within 2 h
aThe author’s geospatial model used population data from 2021 while published studies may have used older population
Country

data.
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Appendix 51: Breakdown of countries with data on timely access to surgery by WHO
region.
WHO region
Number of countries
Africa
45
Americas
15
Eastern Mediterranean
7
Europe
15
South-East Asia
4
Western Pacific
15
Note. WHO = World Health Organization. One country without an official WHO region assignment
(Jersey).

Appendix 52: Breakdown of countries with data on timely access to surgery by WB
income group.
WB income group
Number of countries
High
21
Upper middle
22
Lower middle
33
Low
25
Note. WB = World Bank. One country without an official income group assignment (Jersey).

Appendix 53: Breakdown of countries with data on timely access to surgery by HDI
classification.
HDI classification
Number of countries
Very high
19
High
20
Medium
25
Low
32
Note. HDI = Human Development Index. Six countries without an official HDI assignment (Cook
Islands, Jersey, Nauru, Tuvalu, Monaco, Somalia).

Appendix 54: Breakdown of countries with data on timely access to the Bellwether
procedures by WHO region.
WHO region
Africa
Americas
Eastern Mediterranean
Europe

Number of countries
44
8
7
15
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South-East Asia
2
Western Pacific
14
Note. WHO = World Health Organization. One country without an official WHO region assignment
(Jersey).

Appendix 55: Breakdown of countries with data on timely access to the Bellwether
procedures by WB income group.
WB income group
Number of countries
High
19
Upper middle
19
Lower middle
28
Low
24
Note. WB = World Bank. One country without an official income group assignment (Jersey).

Appendix 56: Breakdown of countries with data on timely access to the Bellwether
procedures by HDI classification.
HDI classification
Number of countries
Very high
17
High
17
Medium
20
Low
31
Note. HDI = Human Development Index. Six countries without an official HDI assignment (Cook
Islands, Jersey, Nauru, Tuvalu, Monaco, Somalia).
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